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ICING  OF  AIBCBAFT  AND  MEANS  OF  COMBATTING  IT. 

o.  K.  Trunov. 

Page  2. 

The  book  acquaints  the  read er  with  physical  and  tneoretical 
bases  of  the  process  of  icing#  meteorological  conditions#  which  call 
this  phenoaenon  in  flight#  and  oy  the  contenporary  thermal  and 
cheaical  aeans  of  deicing  (de-icing  systems)#  that  are  applied  on 
passenger  aircraft  and  helicopters. 

In  the  book  are  examined  also  the  methods  of  the  selection  of 
the  basic  parameters  and  calculation  of  the  acti-icing  electro-  and 
air-heat  systems;  the  effect  of  degree  and  form  of  icing  on  aircraft 
performance  and  technique  of  its  piloting;  the  methods  for  aircraft 
testing  in  flight  under  conditions  of  icing  and  special 
featnre/peculiarity  of  icing  at  rest  of  aircraft  on  the  earth/ground. 

The  information  given  in  the  nook#  which  relates  to  the  practice 
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of  flights  under  conditions  of  icing,  and  the  presentation  of 
reaaining  aaterial  on  toe  oasis  or  siaple  Mathematical  apparatus, 
aakes  it  possible  to  reccaaenu  tne  book  not  only  aeronautical 
engineers,  workers  of  design  oureaus  and  scientific  research 
organizations,  but  alsc  to  tecanical  flight  personnel,  which  operates 
aircraft  and  helicopters. 

Page  3. 

Preface. 

With  the  phenoaenon  or  ice  foraation  on  the  surface  of  aircraft 
the  aviation  for  the  first  tiae  clashed  in  the  period  when 
systeaatically  began  to  be  fulrilled  flights  in  cloudiness. 

Ice  hazard  consists  in  deterioration  in  the  aerodynaaic 
characteristics  and  flight  aircraft  guality/f ineness  ratios, 
reduction  in  the  lift  ef lectiveness  of  wing,  increase  in  the  head 
resistance,  in  deterioration  in  tn«  stability  and  controllability. 
Besides  this  icing  can  cause  tne  railure  of  the  series/row  of  the 
aost  iaportant  aggregates/umts  ana  instruments  and  finally  which  is 
especially  iaportant,  to  upset  tne  operation  cf  engines.  Experiment 
of  jet  flights  showed  that  for  turoojat  engines  is  required  the 
effective  anti-icing  protection. 
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In  spite  of  the  apparent  specificity  and  the  narrowness  of  the 
problea  of  icing,  it  encompasses  a  large  quantity  of  diverse 
questions  from  the  region  or  physics,  meteorology,  aerodynamics, 
thermodynamics,  construction  and  operation  of  aircraft. 

Initially  primary  attention  was  given  to  the  so-called  passive 
method  of  deicing,  whica  was  oerng  reduced  to  the  tendency  to  avoid 
in  flight  of  such  meteorological  conditions  which  can  cause  icing. 
However,  obvious  insufficiency  and  inadequacy  of  this  method  already 
in  the  beginning  of  the  Id's  made  it  necessary  to  turn  to  the 
development  of  the  special  devices/equipment,  shielding  aircraft  from 
icing. 


The  examination  of  toe  problem  of  aircraft  icing  as  a  whole  was 
for  the  first  time  made  in  tuat  published  in  Soviet  authors'  1938 
boot  "icing  of  air  vessels"  [24],  and  then  in  that  left  year  after  to 
N.  V.  Lebedev's  work  [10]. 

Subsequently  in  soviet  press/printing  it  did  not  appear  the 
analogous  generalizing  worts. 


The  first  deicers  were  distant  from  perfection  and  they  provided 
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only  the  execution  of  snort-term  flight  under  conditions  of  weak 
icing. 

Page  4. 

Further  rapid  development  or  aviation  technology,  task  of 
operating  the  aircraft  under  any  meteorological  conditions  (creation 
of  the  so-called  "all- weatner"  aircraft)  made  it  necessary  to  pay  the 
most  serious  attention  to  development  and  design  of  effective  and 
reliable  de-icing  systems. 

For  the  resolution  of  this  task  was  carried  out  large  number  of 
investigations  and  works  noth  in  tne  Soviet  Onion  (A.  Kh.  Khrgian,  I. 
G.  Pchelko,  A.  S.  Zuyev,  h.  P.  Fomin,  R.  Kh.  Tenishev,  L.  H.  Levin, 

I.  P.  Bazina  K.  Ye.  Polisacau*,  P.  K.  Dushkin,  H.  F.  Belov  et  al.) 
and  abroad  (F  R.S.Taylcr,  fl.diauert,  I.  Langmuir,  M. Tribus,  N,  Bergrun , 
1,  S.  Seraf  ini,  I.  K  .Hardy,  D.  Fraser,  R,  D  ,  Crick,  R  .  L ,  Messinger ,  etc.). 

At  present  all  aircraft,  as  a  rule,  are  equipped  by 
devices/equipment  for  protection  from  icing. 

However,  in  spite  of  tae  extent  of  outfitting  of  aircraft, 
sharply  increased  in  last  10-1i>  years,  with  anti-icing  means  and 
increase  in  their  effectiveness,  icing,  as  is  shown  by  experiment. 
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continued  to  regain  the  tactor  on  which  depends  substantially  the 
safety  and  the  regularity  or  rngnts. 

This  work  does  not  pretend  to  the  comprehensive  presentation  of 
all  sides  of  the  theme  ot  at  remit  icing,  that  at  present  virtually 
it  cannot  be  made  in  the  size  ot  one  book.  The  author  only  made  the 
attempt  to  very  briefly  present  tne  complex  of  the  most  basic 
questions,  connected  with  tms  pronlem.  The  knowledge  of  these 
questions  first  of  all  is  necessary  for  aviation  specialists. 

Taking  into  account  also  that  with  the  problem  of  icing  is 
connected  the  wide  circle  or  tne  workers  of  aviation  equipment 
(pilots,  flight  engineers,  operation  engineers,  synoptics,  students 
of  aviation  TOZ  [ BV3ob  -  Institute  of  Higher  Education],  etc.),  the 
author  attempted  to  write  suen  dook  which  would  be  useful  for  persons 
with  different  profile  of  worr  and  with  different  preparation. 

The  book  in  significant  part  is  based  on  the  results  of 
investigations  and  tests,  earned  out  by  the  author  during  period 
1953-1963  in  the  state  scientific  research  institute  of  Civil  air 
fleet.  In  the  book  are  used  also  tne  foreign  materials,  assembled  by 
the  author  during  his  participation  in  the  work  of  the  international 
conferences,  dedicated  to  the  problem  of  the  icing  which  took  place 
in  England  in  1960  and  1961. 


DOC  =  791 16201 


PAGE 


o 


The  author  expresses  gratitude  to  test  pilots  B.  A.  Anopov,  V. 
I.  Shutov,  N.  be.  Karlasu,  u.  A.  Nikiforov  and  V.  A.  Pilonovo,  to 
fulfilled  the  series/rcw  or  complicated  experiments  under  the  severe 
conditions  of  icing,  and  aiso  alx  participants  in  the  combined 
in-flight  studies  as  a  result  or  waich  was  obtained  the  valuable 
material,  used  in  the  bocx.. 

The  author  expresses  ueep  gratitude  to  the  colleagues  of  the 
institute  A.  A.  Vodyana  and  V,  u.  bushkevich  for  the  great  practical 
assistance,  shown/renderea  uunng  the  writing  of  the  book,  and  also 
to  L.  L.  Kerber  and  by  V.  A.  Krupeuikova,  who  made  a  series/row  of 
valuable  observations  aocut  ttie  manuscript  cf  the  book. 
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Page  5. 

Chapter  I. 

PHYSICS  OF  ICING. 

1.  Drop  and  sublimation  icing. 

The  foraation/e ducation  or  tne  layer  of  ice  on  the  surface  of 
aircraft,  streamlined  vita  air  rlow,  is  caused  by  the  presence  in  the 
ataosphere  of  water,  whicn  is  round  ir  different  state. 

In  one  case  ice  appears  as  a  result  of  settling  and  freezing  on 
the  aircraft  of  the  smallest  drops  of  water,  "floating"  in  air  and 
retaining  in  the  liquid  state  at  minus  temperatures.  These  droplets 
of  supercooled  water  fcrm  (r reguwutly  together  with  ice  crystals) 
those  cloud  forms  which  we  observe  in  cold  season.  Therefore  icing  of 
this  type  occurs  only  in  flight  in  the  medium,  which  contains  the 
supercooled  drops  (in  clouds  or,  tor  example,  under  conditions  of 
freezing  rain)  . 

In  another  case  the  icing  is  the  consequence  of  the  sublimation 


of  the  water  vapor  contained  m  cue  atmosphere,  i.e.. 


a  consequence 
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of  its  transition  directly  into  ice,  passing  liquid  phase  *. 

FOOTNOTE  l.  In  the  courses  of  physics  by  sublimation  usually  is 
understood  reverse  process  -  the  evaporation  of  solid  body.  He  here 
adhere  to  the  terminology,  accepted  in  the  literature  on  this 
question.  ENDFOOTNOTE. 

It  is  known  that  in  tue  atmosphere  the  condensation  of  water 
vapor  occurs  usually  on  the  suriace  of  the  smallest  particles  weighed 
in  it  -  on  the  so-called  condensation  nuclei.  As  condensation  nuclei 
in  the  atmosphere  serve  tne  smallest  particles  of  hygroscopic 
substances  -  salts,  dust,  on  wmcn  occurs  the  formation/education  of 
embryonic  droplets.  Condensation  occurs,  if  elasticity  (pressure)  of 
vapor  in  the  atmosphere  exceeds  its  elasticity  above  the  surface  of 
embryonic  droplets  formed  on  nuclei. 

If  in  air  are  simultaneously  condensation  nuclei  and  ice 
crystals  (or  the  freezing  drops),  then  depending  on  the 
sizes/dimensions  of  those  anu  otuers,  and  also  depending  on  the 
temperature  of  air  and  saturation  oy  its  water  vapors  will  occur 
either  condensation  of  vapor,  i.a.,  its  transition  into  liquid  state, 
or  .ublimation  -  transition  or  vapor  directly  into  solid  state. 


Page  6. 
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Saturation  vapor  pressure  near  the  surface  of  ice  is  less  than 
above  the  surface  of  water.  because  of  this  at  sufficiently  low  minus 
temperatures  despite  the  fact  that  air  will  net  achieve  saturation 
state  with  respect  to  water  (its  relative  humidity  less  than  lOOo/o) , 
it  can  prove  to  be  ove rsaturatea  aoove  the  surface  of  ice  and 
consequently  will  arise  water  vapor  sublimation.  This  sublimation 
icing  can  occur  in  flight  of  aircraft  in  the  cloudless  atmosphere  in 
such  a  case,  when  its  surface  on  any  reasons  was  preliminarily 
covered  with  the  thin  (frequently  imperceptible  for  eyes)  layer  of 
ice. 


Besides  "drop"  and  sunirmation  icing  ice  formation  can  occur  as 
a  result  of  settling  on  the  surface  of  the  aircraft  of  crystals  - 
phenomenon  of  "dry"  icing.  However,  "dry"  icing  is  encountered  rarely 
and  only  under  some  specific  conditions. 

As  early  as  1937  A.  Kh.  Khrgian  [22]  showed  that  of  two  basic, 
qualitatively  different  forms  of  icing  (drop  and  sublimation),  the 
greatest  danger  for  an  aircraft  represents  the  first  and  that  the 
sublimation  icing  cannot  oe  consiuerable.  The  practice  of  flights 
confirms  this  and  it  shows  that  tne  cases  of  serious  icing  are 
connected  with  the  incidence/impingement  of  aircraft  into  the  medium. 
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which  contains  the  supercooled  water  drops. 

2.  Supercooled  water  in  tne  atmosphere. 

Any  crystalline  substance  during  heating  converts/transfers  into 
liquid  state  only  at  a  completely  specific  melting  point  (and  this 
pressure) .  From  liquid  state  during  cooling  down  to  melting  point  the 
substance  again  converts/traasters  into  solid  state.  (Jnder  certain 
conditions  the  crystallization  or  liquid  during  cooling  can  be  begun 
at  temperature  considerably  lower  than  melting  point.  In  this  case, 
as  they  say,  occurs  supercooling  or  liquid.  Experiments  show  that 
water,  for  example,  can  be  supercooled  to  very  low  minus 
temperatures. 

For  crystallizing  the  liquid  at  temperature  of  its  melting  is 
required  the  series/row  ot  tne  conditions:  the  presence  in  liquid  of 
the  nuclei  (nuclei)  cf  tne  crystallization  with  which  begin  the 
formation/education  cf  solid  puase,  the  continuous  removal  of  the 
heat,  which  is  isolated  during  crystallization,  and  finally,  the 
temperature  of  liquid  must  be  equal  to  melting  point,  and  in  this 
case  the  corresponding  pressure. 

The  absence  of  any  trom  these  conditions  will  lead  to  the  fact 
that  the  liquid  at  temperature  or  its  melting  will  not  be 


DOC  =  79116201 


PAGJS  11 


crystallized. 

During  cooling  cr ystali nation  does  not  begin  evenly  in  entire 
volune  of  liquid,  but  it  appears  an  its  specific  centers  as  which  can 
serve  the  specks,  the  particles  or  other  substances,  and  also 
finished  crystal  granules  or  tms  substance. 

Page  7. 

The  presence  of  such  particles  (crystallization  nuclei)  impedes 
supercooling  liquid.  Therefore,  for  example,  thoroughly  purified 
water  better  yields  to  supercooling  than  not  purified.  Laboratory 
investigations  attest  to  tne  tact  that  in  the  considerable  range  of 
minus  temperatures  for  crystallizing  supercooled  water  is  necessary 
the  introduction  to  it  of  the  finished  crystals  of  ice.  Opinion  about 
the  fact  that  supercooled  water  easily  is  crystallized  with  agitation 
or  jolt,  apparently,  is  based  on  the  incorrect  experimental  setup. 
This  phenomenon  could  occur  in  such  a  case,  when  on  the  walls  of  the 
container,  higher  than  surface  or  supercooled  water,  were  formed  the 
particles  of  hoarfrost  which  with  the  agitation  of  container  blew 
away  from  walls  and  is  fallen  uowu,  immediately  causing  the 
crystallization  of  liquid.  Obtaining  (in  small  quantities) 
supercooled  water  with  minus  temperature  of  2°-4°C  does  not  present 
serious  difficulties.  For  tms  purpose  thoroughly  the  container. 
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which  then  is  closed  by  plug  and  undergoes  cooling  down  to  the 
temperature  indicated.  Supercooled  water  exhibits  large  stability  to 
the  different  hind  of  mecnanicai  erfects,  but  if  we  introduce  into 
container  with  supercooled  water  tne  saall  piece  of  ice,  then  it  is 
possible  to  observe  the  rapidly  occurring  crystallization. 

As  noted  above,  the  necessary  condition  of  the  freezing  of  water 
is  the  emergence  of  the  nuclei  or  crystallization.  At  suf f icient.l y 
low  temperatures,  in  the  absence  or  dirt  particles  the  nuclei  of 
crystallization  can  arise  spontaneously  via  the  random  groupings  of 
the  molecules  of  water. 

Such  groupings  continuously  appear  and  disappear  during  the 
motion  of  molecules.  With  a  temperature  decrease  the  frequency  of 
emergence  and  the  sizes/aimensions  of  these  groupings  increase  until 
appears  the  initial  frameworn  or  crystal  lattice,  which  subseguently 
is  the  nucleus  (nucleus;  of  crystalli zat ion.  English  researcher  Bigg 
[28]  in  1953  on  the  basis  or  the  experiments  carried  out  by  hin 
assumed  that  the  freezing  or  ciouu  drops  at  temperature  of  lower  than 
~20°C  occurs  spontaneously  and  mat  the  role  of  the  crystallization 
nuclei  under  these  conditions  is  insignificant. 

However,  this  point  of  view  repeatedly  was  disputed  [47],  The 
majority  of  experiments  snows  that  the  crystallization  nuclei  play 
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active  role  in  entire  observed  teaperat ure  range. 

The  spontaneous  eaergeuce  or  the  crystallization  nuclei  obeys 
the  lav  of  probability  ana,  merer  ore,  the  less  the  volume  of 
supercooled  liquid,  the  less  toe  probability  of  their  appearance. 
Laboratory  investigations  show  tnat  for  the  drops  of  vater  by 
diaaeter  into  several  aiccons,  March  are  found  in  air  in  suspension, 
the  critical  temperature,  i. e. ,  the  teaperature,  vith  which  occurs 
the  spontaneous  eaerqence  of  ice  crystals,  composes  -40°,  -4  1°c. 

Page  8. 

A  decrease  in  the  teaperature  m  lover  than  this  limit  causes  the 
rapid  freezing  of  drops  », 

FOOTHOTE  *.  Are  known  data  anout  even  deeper  supercooling  of  drops. 
Rau  [50]  under  laboratory  conditions  obtained  supercooling  saall/fine 
drop3  to  -72®c.  ENDPOOTHOr£. 

However,  laboratory  conditions  always  aore  or  less  differ  froa 
those  conditions  which  occur  in  nature.  Therefore  at  present  it  is 
not  possible  to  indicate  tae  limiting  value  of  temperature,  at  which 
is  possible  the  existence  of  noutrozen  water  drops  in  the  ataosphere 
and  which  consequently  determines  lower  teaperature  boundary  of 
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icing.  Are  known  the  cases  of  aircraft  icing  at  high  altitudes  at 
very  low  temperatures,  lhus,  for  instance,  it  was  communicated  [54] 
about  the  cases  of  aircraft,  icing  above  England  at  the 
height/altitude  of  1200O-UU0O  a  at  temperature  of  air  from  -61  to 
-6  5°C,  as  a  result  of  wnicn  was  assumed  that  the  supercooled  water  in 
the  atmosphere  can  exist  to  temperature  of  -65°C. 

The  second  necessary  condition  of  the  freezing  of  water  is  the 
realization  of  the  continuous  neat  removal.  It  is  known  that  with  the 
freezing  1  g  of  water  occurs  the  liberation  of  the 

approximately/exemplarily  ou  therms  of  heat.  If  crystallization  would 
occur  adiabatically ,  i.e.,  without  heat  exchange  with  the 
environment,  then  the  heat  isolating  durinq  crystallization  would 
raise  the  temperature  of  iiguiu  to  0°C  and  would  avoid  its  further 
freez  ing. 

For  crystallizing  ta«  nguia  at  a  specific  melting  point  is 
required  the  constancy  of  this  external  pressure.  Depending  on  the 
properties  of  substance,  its  molecular  structure  a  change  in  the 
pressure  affects  in  different  ways  the  temperature  of  the 
crystallization  of  liquid.  Thus,  ror  instance,  increase  in  the 
external  pressure  (to  a  definite  limit)  reduces  the  freezing  point  of 
water.  This  can  be  explained  as  rollows.  It  is  known  that  the 
physical  properties  of  water,  iu  comparison  with  the  physical 
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properties  of  other  substances,  nave  a  series/row  of  anomalies.  In 
contrast  to  aany  other  suostances  the  water  with  freezing  is  expanded 
(its  volume  increases  wita  freezing  alaost  by  lOo/o) ;  and  during 
heating  (to  ♦  4°C)  is  compressed,  wnich  is  connected  with  changes  in 
its  aolecular  structure.  me  presence  of  strong  external  pressure 
iapedes  the  expansion  or  water  wxtn  freezing  and,  thus,  it  reduces 
the  temperature,  with  wnicn  the  water  converts/transfers  into  solid 
state. 


Under  natural  conditions,  m  the  atmosphere,  the  supercooled 
water  is  found  in  the  fcra  or  urcps.  The  freezing  point  of  the  drop 
lower  than  freezing  of  the  same  iiguid,  placed  into  container, 
moreover  this  decrease  is  the  function  of  a  radius  of  drop.  The  less 
a  radius,  the  lower  the  temperature,  with  which  occurs  the  freezing 
of  drop.  This  to  a  certain  extent  is  explained  by  the  existence  of 
certain  boost  pressure,  causeu  oy  the  action  of  surface  film  on  drop. 

Page  9. 

The  value  of  this  pressure  is  directly  proportional  to  surface 
tension  and  it  is  inversely  proportional  to  a  radius  of  drop. 

However,  in  spite  of  the  very  small  sizes/dimensions  of  drops  in 
clouds  and  fogs/mists,  the  value  of  the  boost  pressure  appearing  in 
them  is  clearly  insufficient  tor  a  decrease  in  the  temperature  of 
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their  freezing  to  the  values  go served  in  nature. 

Investigations  show  taat  in  cloud  drops  always  are  solutes.  In 
particular,  the  cheaical  analysis  of  cloud  tests/sa spies  testifies 
about  the  presence  in  drops  of  chlorine  ions,  aoreover  with  the 
decrease  of  sizes  of  drops  (wrtmn  certain  liaits)  chlorine 
concentration  increases,  rms  tact  also  contributes  to  supercooling 
drops,  since  according  tc  aaoult's  law,  the  presence  of  solute 
reduces  freezing  point  (it  is  Known,  for  example,  that  the  sea  water 
freezes  at  lower  teaperature,  than  fresh). 

$ut  as  a  result  of  the  fact  taat  the  concentration  of  the 
substances  dissolved  in  cloua  drops  is  very  snail  l,  its  effect  on 
lowering  of  the  freezing  point  will  substantially  affect  only  in  the 
initial  stage  of  the  f oraation/education  of  drops,  since  further 
increase  in  the  drops  due  to  condensation  will  lead  to  the  decrease 
of  the  concentration  in  tnea  of  solutes. 

POOTNOTE  *.  A  question  auout  tue  reasons  for  existence  in  the 
ataosphere  readily  soluble  of  salts  up  to  now  is  not  coapletely 
studied.  One  should  assuae  that  their  aost  probable  source  -  world 
ocean.  EEDFOOTNOTE . 


The  basic  reason  for  the  considerable  supercooling  of  cloud 
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drops  is  connected,  apparently,  with  the  sharp  decrease  of  the 
probability  of  the  appearance  or  nuclei  of  crystallization  as  a 
result  of  saall  sizes/di mansions  of  drops.  As  noted  earlier,  at 
sufficiently  low  temperatures  is  possible  the  emergence  of  the 
spontaneous  crystallization  or  liquid,  aoreover  with  the  decrease  of 
the  voluae  of  supercooled  liquiu  decreases  the  probability  of  its 
crystallization.  The  decrease  or  tne  probability  of  the  appearance  of 
a  crystal  nucleus  in  a  saali  voluae  of  drop  leads  to  tne  fact  that 
the  cloud  drops  whose  sizes/diaensions  are  aeasured  by  the  hundredth 
and  thousanths  of  ailliaeter,  can  exist  at  low  ainus  temperatures  in 
the  liquid  state. 

To  crystallizing  tne  drops  exert  the  effect  and  other  factors. 

To  the  freezing  point  cr  drops  exerts  influence  their  initial 
temperature.  After  the  eaergence  ot  crystal  nuclei  the  process  of 
freezing  will  depend  on  rate  or  cooling  of  drop,  since  it  will  occur 
due  to  heat  emission  intc  tne  environment.  If  we  take  the  drop  of 
water  with  temperature  or  -1U°C,  tnen  it  is  possible  to  determine 
which  is  sufficient  to  freeze  1/d  parts  of  the  drop  so  that  heat  of 
fusion  isolated  in  this  case  would  raise  the  temperature  of  remaining 
part  to  0°C  and  would  avoid  its  further  freezing.  As  show 
experiments,  during  rapid  cooling  the  freezing  of  drops  begins 
outside,  which  makes  it  possible  tor  them  to  interact  with  the 
environment  as  to  crystals  despite  the  fact  that  the  internal  part  of 
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the  drops  is  found  even  in  tne  liquid  state. 

Page  10. 

During  slow  cooling  the  breezing  ot  drop  begins  within  it,  and 
complete  freezing  occurs  at  lower  temperatures,  than  in  the  case  of 
rapid  cooling. 

Ice  formation  on  tne  surrace  of  aircraft  occurs  as  a  result  of 
the  freezing  of  the  encountering  it  supercooled  water  drops. 

A  guestion  about  tne  reasons  tor  the  rapid  crystallization  of 
the  supercooled  drops  witn  their  snock  about  the  wing  surface  or 
about  any  other  aircraft  component  up  to  now  is  not  completely  yet 
studied.  As  show  experiments,  supercooled  water  exhibits  large 
stability  with  respect  to  various  xinds  to  mechanical  effects; 
therefore  shocks  and  jolts  ny  tnemselves  do  not  cause  its 
crystallization.  Above  were  examined  the  conditions,  necessary  for 
crystallizing  the  supercooled  riguid.  If  the  cloud,  in  which  flies 
the  aircraft,  consists  not  only  or  the  supercooled  water  drops,  but 
also  contains  ice  crystals,  or  it  on  the  surface  of  aircraft  are  at 
least  smallest  traces  ct  ooartrosc,  then  the  crystallization  of 
supercooled  water  on  the  aiiuac«  or  aircraft  will  occur  as  a  result 
of  its  contact  with  ice  crystals. 
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However,  also  in  tne  aoseuce  of  ice  crystals  the  freezing  of  the 
supercooled  drops  nevertheless  occurs. 

The  experimental  investigations  of  the  effect  of  ultrasound  on 
crystallization  show  that  tne  ultrasound  can  accelerate 
crystallization  sometimes  aundieus  times.  Professor  A.  S.  Irisov  [8] 
assumed  that  the  shocks  cx  drops  aaout  the  surface  of  aircraft  are 
accompanied  by  the  emergence  ol  tne  ultrasonic  waves  which  create  the 
conditions,  favorable  for  the  nucleation  of  crystallization  and 
freezing  of  the  supercocxea  drops. 

Finally,  one  should  consider  that  independent  of  this  on  the 
skin  of  the  aircraft  almost  always  is  located  a  sufficient  quantity 
of  particles  of  the  contamination  and  dust  which  also  can  serve  as 
the  crystallization  nuclei  during  incidence/impingement  to  the 
surface  of  the  aircraft  of  supercooled  drops  cf  water  from  the 
atmosphere. 

3.  Ice  formation  on  aircraft. 

After  using  the  principle  or  rotation  of  motion,  let  us  examine 
the  flow  around  the  wing  profile  or  aircraft  of  air  flow,  which 
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contains  the  supercooled  water  droplets. 

As  can  be  seen  from  ?ig.  1.1,  the  airflow,  which  moves  with 
subsonic  speed,  at  certain  distance  before  the  win]  profile  is 
divided  into  two  flows  (demarcated  by  line  MM),  one  of  which  passes 
on  top,  another  -  from  oelow  wing.  After  profile  both  flows  are 
connected.  This  separation  or  flow  is  caused  fcv  the 

disturbances/perturbations  rrorn  wing,  which  with  the  speed  of  sound 
are  spread  in  surrounding  air  in  different  directions  and,  including 
against  flow  direction. 

Page  11. 

With  the  steady  particle  motion  of  the  air,  which  flows  around 
about  the  profile,  they  move  over  the  specific  trajectories  -  flow 
lines.  The  supercooled  water  uropiets  carried  along  by  the  forces  of 
viscosity  of  air  move  at  first  also  over  flow  lines.  To  as  long  as 
the  flow  line  is  rectilinear,  t ae  trajectory  of  drop  virtually 
coincides  with  it.  3ut  m  tne  section  where  the  flow  line  is  bent, 
going  around  profile,  the  drop  moving/dr iving  along  it  as  a  result  of 
inertia  attempts  to  preserve  direction  of  its  motion  and  begins  to 
differ  from  flow  line,  ceing  displaced  towards  profile. 


If  the  amount  of  tne  inertial  force  proves  to  be  sufficient  in 
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order  to  overcome  the  fcrces  ot  viscosih y  of  air,  tnen  drop  so  will 
be  deflected  from  flow  line  waj.cu  will  clash  with  wing.  But  if  the 
inertial  force  is  small,  tuen  drop  insignificantly  will  be  deflected 
from  flow  line  and  will  pass  past  wing,  without  deposited  on  its 
surface. 

Not  all  drops,  whicn  are  located  in  the  volume  of  air,  which 
corresponds  to  the  aidsection  or  oody,  settle  on  its  surface.  As  this 
was  for  the  first  time  cieany  suown  by  A.  Kn.  Khrgian,  there  is  a 
specific  zone,  by  the  wiatu  o  wuose  drops  collide  to  by  wing. 

Let  us  assume  that  in  tae  airflow,  which  flows  around  about  the 
wing,  are  contained  only  very  major  drops.  Then,  as  a  result  of  the 
large  force  of  inertia,  trajectcry  of  drops  they  are  almost 
rectilinear  and  almost  all  drops,  which  are  located  before  the  wing, 
will  settle  on  its  surface.  The  width  of  the  "zone  of  collision"  6, 
in  this  case  will  apprcaca  a  profile  thickness  C,  and  ice 
accumulation  will  occur  on  large  width  (section  E-E,  Fig.  1.2). 

When  airflow  contains  onry  saall/fine  drops,  then  their  only 
small  part  falls  to  the  wing  surface.  Encounter  wing  there  will  be 
only  those  drops,  which  are  located  from  axis  M-J1  at  the  distances  of 
smaller  62/2. 
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Fig.  1.  1.  Schematic  of  tie  rlow  around  wing  profile  of  air  flow, 
which  contains  the  supercooleu  drops. 

Key:  (1).  Plow  lines.  (2).  Zone  of  drops,  which  deposit  on  wing 
profile.  (3)  .  Supercooled  drops. 

Page  12. 

Drops,  which  are  located  oeyouu  tue  limits  of  the  "zone  of 
collision",  as  a  result  or  small  inertial  forces  will  insufficiently 
differ  from  flow  lines  tney  will  pass  past  profile.  The  width  of  the 
"zone  of  the  collision"  or  such  crops  (62)  -  small,  ice  formation 
occurs  in  the  narrow  section  H-d.  is  feasible  the  case  when  drops  are 
so  small  that  their  trajectories  virtually  will  coincide  with  flow 
lines.  Then  icing  will  net  occur  at  all  (6=0). 
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Under  actual  conditions  la  ait  usually  there  are  drops  of  quite 
different  sizes/dime nsicus.  iuererore,  for  example,  large  drop,  which 
is  located  at  point  B,  cau  ciasn  with  the  winq  surface,  and  small 
drop  despite  the  fact  that  it  is  located  at  point  D,  i.e.,  it  is 
considerably  nearer  to  axis  rt-M,  it  will  pass  past  wing.  The  "zone  of 
collision"  (6)  in  this  case  will  ua  determined  by  the  edge 
trajectories  of  major  drops. 


Besides  the  size/d x me nsiou  (mass),  of  drop  and  distance  6,  large 
role  in  settlings  of  drops  on  tne  winq  surface  plays  the  air-stream 
velocity.  The  greater  tne  speed  or  the  motion  of  drops,  the  greater 
their  quantity  will  deposit  on  profile  per  unit  time.  But  an  increase 
in  the  velocity  also  leads  awtoe  to  an  increase  in  the  forces  of 
inertia  of  drops.  If,  for  example,  at  what  speed  with  profile 
collided  only  the  major  urops  ana  the  drops,  which  were  being  located 

at  sufficiently  close  to  the  distance  from  the  M-M  axis,  then 
with  an  increase  in  the  velocity  as  a  result  of  the  increase  of 
inertial  forces,  the  latter  can  cause  settling  also  small/fine 
drops  which  did  not  settle  earlier.  Thus  with  an  increase  in  the 
velocity  there  occurs  a  deposit  on  the  wing  of  even  smaller  drops 
and  also  drops  ever  more  distant  from  axis  M-M  (i.e.  grows/rises 
value  <5 ) . 

Consequently,  a  quantity  of  ice,  which  is  formed  per  unit  time 
on  the  wing  surface,  is  proportional  to  speed  \\  where  n^-l. 
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Pig.  1.2.  Plow  lines  and  trajectory  of  the  drops  of  different 
sizes/dimensions  during  the  tiow  around  wing  profile  of  air  flow. 

Key:  (1).  Flow  lines,  .  Trajectories  of  drops. 

Page  13. 

The  vertical  velocity,  i.e.,  the  rate  of  an  incidence/drop  in  the 
supercooled  cloud  drops,  in  comparison  with  the  speed  of  aircraft,  is 
so/such  insignificant,  whicn  can  oe  disregarded/neglected  and 
considered  drops  as  locating  in  suspension.  For  example,  the  vertical 
velocity  of  the  drops  with  a  radius  of  10-20  n  does  not  exceed  1-5 
cm/s,  and  only  rain  drops  whose  radius  reaches  0.2-0. 5  mm  and  more, 
possess  considerable  speeds  incidences/drops. 

If  we  consider  clcua  drops  as  locating  in  suspension,  then  it  is 
obvious  that  collision  with  tries  they  will  test/experience  only 
front /leading  aircraft  components.  As  is  shown  experiment,  in  the 
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majority  of  tha  cases  ice  roraation  occurs  only  on  the  frontal 
aircraft  components,  turned  to  tne  incident  flow,  whereas  on  the 
remaining  surface  of  wing,  tail  assembly,  fuselage  ice  accumulations 
occur  rarely,  for  example,  under  conditions  of  supercooled  rain. 

Let  us  examine  now  as  tney  affect  the  sizes/dimensions  of  wing 
profile  the  process  of  iciuy.  it  is  not  difficult  to  see  that  the 
profile  of  smaller  thicxcess  ices  up  more  intensely  than  thick 
profile.  This  is  explained  oy  tne  ract  that  the  separation  of  flow 
into  upper  and  lower  parts  proceeds  in  thick  profile  on  larger  from 
it  distance,  than  in  thin  pronle.  But  this  leads  to  the  fa^t  that 
the  forces  of  air  pressure  caused  ny  thick  wing,  which  attempt  to 
change  rectilinear  motion  of  drops,  act  on  drops  the  more  prolonged 
time  (than  in  thin  profile)  ana  tney  manage  certain  part  of  the  drops 
to  deflect  so,  that  the  latter  no  longer  deposit  on  the  wing  surface. 
Because  of  this  on  thick  profile  deposits  a  relatively  smaller 
quantity  of  drops,  than  on  thiu  profile.  The  practice  of  flights 
confirms  that  the  thin  wing  pronies  ice  up  more  intensely  than 
thick. 


As  noted,  on  the  wing  surface  deposit  only  the  drops,  which  are 
located  in  certain  zone  6(6  -  tms  is  distance  at  infinity,  i.e.,  in 
the  undisturbed  region,  between  tne  extreme  tangential  trajectories 
of  the  drops  of  given  size/dimension) .  All  droplets  of  this 
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size/diaension  which  are  included  net  ween  extreme  trajectories, 
encounter  wing.  The  droplets  which  are  located  outside  zone,  limited 
by  extreme  trajectories,  tuey  pass  by  wing.  If  the  cloud,  in  which 
occurs  the  flight,  contains  tne  droplets  of  identical  size/dimension, 
then  the  quantity  of  water,  wmca  deposits  per  unit  of  the  wingspan 
per  unit  time,  will  be  determined  by  that  quantity  of  water  which  is 
contained  in  cloud  single  tnickness  with  the  width,  equal  to  6. 

The  extreme  tangential  trajectories  of  drops  determine  also  the 
so-called  coefficient  or  settling  (or  capture),  which  is  the  relation 
of  a  real  quantity  of  water,  deposited  on  wing,  to  that  quantity  of 
water  which  is  contained  in  tne  volume  of  air,  passable  by  wing  per 
unit  time. 

Pa  ge  14. 

If  we  consider  that  entire  deposited  on  the  wing  surface  water 
is  converted  into  ice  and  rreezes  at  impact  point,  then  the  quantity 
of  ice,  which  is  formed  per  unit  time  pet  unit  of  the  length  of  wing 
(icing  intensity)  can  be  expressed  by  the  following  formula: 

■i-t-rcw.  n.i) 

where  J  -  an  icing  intensity;  £  -  complete  coefficient  of  the 
settling;  9  -  water  content  of  clouds,  i.e.,  a  quantity  of  water  in 
the  form  of  drops,  which  is  contained  per  unit  of  volume  of  the  air; 
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C  -  profile  thickness;  I.  speed  of  the  undisturbed  flow. 

It  is  not  difficult  to  see  that  the  coefficient  of  settling 
E=6/C.  Value  E  in  eguaticu  (1.1)  is  called  the  complete  coefficient 
of  settling,  since  it  is  related  to  entire  profile  and  is  determined 
entire  mass  of  water,  wmca  is  precipitated  per  unit  of  the  wingspan. 
But  furthermore,  it  is  rrequeutly  necessary  also  to  know,  what  mass 
of  water  deposits  per  unit  of  the  arc  length  of  profile.  For  this  is 
introduced  the  concept  of  tne  so-called  local  coefficient  of  settling 

E.,. 


Let  us  designate  the  distance  between  two  sufficiently  close 
trajectories  of  drops  in  tne  undisturbed  region  through  Ah  (Fig. 

1.3).  Let  these  droplets  oe  nit  against  wing  profile  at  points  A  and 
B,  the  distance  between  wuicn  on  tne  duct/contour  of  profile  is  equal 
to  -J  In  this  section  |  \/»  per  unit  time  is  precipitated  out  the 
quantity  of  water,  equal  to  \h-\\.\\'  However,  on  the  unit  of  arc 
length  falls  the  quantity  of  water,  equal  to  Ul  '  u  It  is  obvious 
that  the  ratio  \// •  \/  -  will  determine  icing  intensity  in  section  A-B. 
This  sense  during  the  unlimited  approach  of  the  trajectories  of  drops 
(Ah-*0)  in  limit  will  be  the  local  coefficient  of  settling  F  Thus, 
value  f-  determines  the  mass  of  ice,  which  is  formed  per  unit  of  the 
arc  length  of  profile,  and  the  Knowledge  of  this  value  makes  it 
possible  to  calculate  the  distribution  of  icing  intensity  along  wing 
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profile. 

The  calculation  of  tne  coefficient  of  settling  and  zone  of  ice 
accumulation  on  any  body  is  reduced,  as  it  follows  from  the 
precading/pre vious  reasonings,  to  computation  of  the  trajectories  of 
those  drops  which  encounter  this  oody.  However,  the  calculation  of 
the  trajectories  of  drc^s  requires  the  solution  of  the  differential 
equations  which  determine  the  motion  of  drops  about  body. 
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Pig.  1.3.  To  the  determination  or  the  concept  about  the  local 
coefficient  of  settling. 

Page  15. 

4.  Equation  of  aotion  ci  drops. 

As  is  known,  on  the  bouy,  streamlined  with  liquid  (or  gas) ,  act 
the  forces  of  inertia  of  the  particles  of  the  liquid,  which  move 
along  the  trajectories,  which  envelope  body,  and  the  forces  of 
viscosity  of  liquid  (force  or  internal  friction). 

When  the  forces  of  inertia  of  the  particles  of  the  liquid  are 
saall  but  to  comparison  with  the  forces  of  viscosity  of  medium,  them 
can  be  disregarded/neglected,  and  then  the  head  resistance  of  body  is 
determined  by  Stokes's  formula.  For  the  body,  which  has  the  form  of 
sphere,  Stokes's  formula  takes  the  form: 


f  =6.1/711', 
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where  F  -  resisting  force  to  notion  of  the  sphere;  r  -  radius  of  the 
sphere;  p  -  coefficient  or  tn«  dynamic  viscosity  of  the  liquid;  v  - 
speed  of  the  notion  of  sphere  relative  to  liquid. 

For  the  water  droplets  (comparat i ve ly  snail  size/dinensicn)  , 
which  nove  in  air  with  low  speed,  Stokeses  formula  sufficiently 
accurately  determines  the  force  or  their  head  resistance. 

In  steady  plane  flew  or  tne  equation  of  notion  of  drop  with  the 
expression  of  the  force  of  rts  resrstance  by  Stokes's  formula,  it  is 
possible  to  write  in  the  torn: 
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where  x,  j  -  coordinates  or  arop  in  the  coordinate  system,  connected 
with  the  body;  l  .  V„—  components  of  air-stream  velocity;  m  -  mass 
of  the  drop;  r  -  radius  ct  drop. 

Precise  integration  or  tne  equations  indicated  is  impossible, 
since  i _  nonlinear  functions  of  coordinates.  Qualitative 
analysis  and  approximate  solution  of  equations  (initially  for  a 
cylinder)  were  carried  out  in  tne  series/row  cf  Soviet  and  foreign 
researchers'  works  [23],  [  Jb  J,  (.4JJ,  [33],  [60],  etc. 
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Equations  (1.2)  for  siat-liiication  in  calculations  and 
determination  of  criteria!  r elationships/ratics  can  be  written  in 
diaensionless  fora. 

Page  16. 

Having  used  for  this  expression  tor  the  aass  of  the  drop 

m  =  VjjirV. 

where  -K  density  of  drop  and  alter  dividing  both  parts  of  equation 
(1.2)  on  after  conversions  we  will  obtain 
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where  Hf  ~  tne  parameter,  which  characterizes  the  inertia 

of  the  drop;  L  -  significant  dimension  of  the  streamlined  body;  t  - 
tiae. 

FOOTNOTE  1  Parameter  P  in  toreigu  ones  and  in  some  Soviet  sources 
frequently  is  designated  tarouga  K.  ENDFOOTNOTE. 

In  the  diaensionless  tore  ot  equation  (1.3)  they  can  be 

con  verted: 
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where  £  =  x/L  and  r<-  L  —  tae  coordinates  of  drop,  in  reference  to 

the  significant  dimension  or  tae  oody; 

i  '<■ 

and  >  —  ratio  of  coaponants  \x  and  l'v  to  the 

speed  of  undisturbed  flow  \  .. 

t\' 

T  '  —  the  diaensionless  tree,  expressed  depending  on 
size/diaension  of  L  and  speed  l..  i.e.  tiae  unit  is  the  time, 
necessary,  so  that  the  drop  would  cover  a  distance  of  L  with  a  speed 
of  l  . : 

T  _,  respectively  tne  nrst  and  second  derivatives  on  r. 

In  the  indicated  fora  the  equations  were  for  the  first  tiae 
written  by  Taylor.  The  aatubaaticax  expression  of  any  phenomenon 
allows,  without  integrating  dir rerontia 1  equations,  to  come  to 
light/detect/expose  soie  special  dimensionless  quantities  which 
characterize  this  phenoieuon  and  serve  as  the  so-called  similarity 
criteria. 

Equations  (1.4)  show  taat  jauer  thi  assumption  of  the  validity 
of  Stokes's  formula  the  tactots,  wnich  are  detoraininq  the  process  of 
icinq,  are  united  in  one  diaeasioniess  parameter  P,  which  is  the 
criterion  of  similarity  cr  tae  trajectories  of  drops. 
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Expression  for  paraseter  P  can  be  represented  in  the  relation 

i 

where 

2 

's  ’  9  ■» 

Latter/last  value  sakes  specinc  paysical  sense:  >,  .  this  distance, 

which  will  pass  the  drop  on  inertia,  being  it  is  introduced  into 
stagnant  air  with  an  initial  velocity  of  IV  Expression  for  V  it  is 

possible  to  obtain,  after  integrating  the  equation 

—  m^-  =6rrul7, 

dt 

where  ■  -  a  mass  of  the  drop;  V  -  speed  of  the  motion  of  drop. 

obtained  equations  (1.4)  are  valid,  as  noted,  with  the 
expression  of  resisting  force  uy  Stokes's  forxula.  However,  for  the 
sufficiently  major  drops  tue  speeds  of  motion  of  which  relative  to 
air  are  essential,  head  resistance  no  longer  should  be  determined 
from  the  formula  of  Stcxes,  since  this  can  lead  to  considerable 
errors. 

As  is  known,  the  resisting  rotce  to  motion  of  body  in  liquid  in 
general  can  be  expressed  as 


F  C^Sd  V 
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where  S  -  an  area  of  so-called  maximum  cross  section  of  the  body;  p  - 
medium  density;  Ct-  drag  coefficient,  being  function  of  Reynolds 
number. 

Expression  analytical  in  genaral  form  for  this  function  is 
unknown;  therefore  they  usually  use  experimental  data. 

In  work  of  I.  P.  Mazin  fllj  is  brought  the  empirical  formula 
obtained  by  him  of  resisting  force 

F  —  F0(l  +0,17Re23), 

where  Fn  -  resisting  force  according  to  the  law  of  Stokes; 

<w 

Re  =  * — —  Reynolds  number  tor  a  drop  with  a  radius  of  r, 

"v 

eowing/driwing  with  the  relative  speed  V  in  medium  with  kinematic 
modulus  of  viscosity  v. 

Formula  reflects  well  tne  amount  of  the  real  force,  which  acts 
on  droplet  in  the  range  cf  Re  numbers  from  0  to  103. 

Page  18. 

In  general,  examining  motion  ny  three-dimensional  and  utilizing, 
the  proposed  formula  for  r«sistiug  force,  the  equations  of  motion  of 
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drop  in  dimensionless  coordinates  6*  *|.  C  can  be  written  [12]: 

-•  -  '/t  I  I  f(kc-);  | 

,,  -  ^  1  r,  l  .1  <1  '>> 

1  -  i  i.tR.-i, 

where  .  .  I  -  >t.  17Rc: '  [li' -  l;)- -HV  -  l\)-'v -iV  1:1-)“: 


t<V, 


"  _  Reynolds  nuiaoer  tut  the  drop,  which  »o»es  with  speed  V- 


As  we  see,  in  this  case  ot  me  trajectory  of  drops  they  are 
determined  by  already  two  uiaeusionless  parameters  P  and  Re„. 

Reynolds  number  Re0  serves  as  tne  measure  for  deviation  from  Stokes' 
law  of  the  forces,  whicn  act  on  utops.  With  Reo=0  equation  (1.5)  they 
will  be  brought  to  equations  (1.4). 

5.  Coefficient  of  settling  ana  roue  of  ice  accumulation. 

For  the  calculation  or  tne  icing  intensity  of  any  body  is 
required  the  knowledge  cr  me  coenicient  of  settling  E.  From  theory 
it  follows  that  all  factors,  which  are  determining  precipitating  the 
drops  on  body,  can  be  brought  to  two  dimensionless  parameters, 
so-called  criteria  of  simiaarity  oi  the  trajectories  of  drops,  namely 
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to  the  inertia  parameter  P  ana  Reynolds  number  Re0, 

Frequently  as  the  criteria  or  similarity  ot  the  trajectories  of 
drops  are  utilized  other  combinations  of  the  values,  entering  the 
expressions  for  P  and  Re0.  For  example,  instead  of  the  second 
parameter  8e0  sometimes  is  applied  parameter  ^  -  -  where  p  - 

:h»k 

an  air  density  (it  is  not  difficult  to  see  that  *=Re2„/P)  .  The 
use/application  of  the  parameter  m  in  many  instances  represents 
considerable  convenience,  since  it  does  not  depend  on  the 
size/dimension  of  drops  and  can  oe  considered  as  the  function  of 
height/altitude,  since  with  tuese  sizes/dimensicns  of  body  and  speed 
it  depends  only  on  density  and  viscosity  of  air. 

of  two  criteria  of  similarity  of  the  trajectories  of  drops  the 
dominant  role  plays  parameter  P,  wnich  characterizes  the  inertia  of 
drops.  However,  the  parameters  *  and  Re0  play  smaller  role.  Their 
value  determines  how  real  a  forces,  which  act  on  droplets  during 
their  motion  in  air  flow,  tney  differ  from  the  forces,  computed  from 
Stokes's  formula. 

Page  19. 


Since  all  values,  wmcu  characterize  precipitating  the  drops, 
are  determined  by  two  parameters  indicated  above,  the  coefficient  of 
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settling  E  is  also  function  P  ana  *  (or  Re  0)  .  Dependence  of  E  on  P 
and  ♦  is  different  for  the  Domes  of  various  forms. 

The  calculation  of  tne  coeincients  of  settling  was  initially 
carried  out  for  the  bodies  or  a  simpler  fora,  than  wing  profile,  and, 
in  particular,  for  a  cylinder.  Since  with  known 

approximation/approach  tne  wing  leading  edge  can  be  replaced  by 
cylinder  with  the  radius,  eguai  to  a  radius  of  the  forward  section  of 
the  leading  edge  of  an  airfoil  profile. 

The  method  of  replacing  tne  wing  profile  by  cylinder  with  some 
quantitative  errors  in  consequence  of  which  subsequently  during 
calculations  of  de-icing  systems  was  connected  studied  the  phenomenon 
of  the  precipitation  of  arops  directly  on  the  wing  of  aircraft.  The 
results  of  these  investigations  snowed  that  the  qualitative  side  of 
this  phenomenon  and  the  effect  on  it  of  different  factors  remain 
identical  both  for  the  cylinder  ana  for  a  wing  profile. 

The  radiation/e  mission  of  tne  phenomenon  of  the  precipitation  of 
drops  on  cylinder  was  of  practical  use  also  in  connection  with  the 
fact  that  different  meteorological  instruments,  which  ware  being 
applied,  for  measuring  the  iciug  intensity,  water  content  of  clouds 
and  sizes/dioensions  of  cloud  drops,  had  receivers  of  cylindrical 
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Fiq.  1.4  gives  graph/curve,  norrcwed  from  work  [30],  which 

demon st cates  for  a  round  cyrruaar  the  dependence  of  the  settling  E 
\ 

full  of  coefficient  on  parameter  P  at  different  values  <t>.  Here  as  the 
significant  dimension  L,  entering  parameters  P  and  *,  serves  a  radius 
of  cylinder. 

As  can  be  seen  from  grapn/curve,  the  coefficient  of  settling 
grows/rises  with  an  increase  in  parameter  P,  which  will  agree  with 
the  physical  picture  of  phenomenon  examined  in  §  3. 
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Pig.  1.4.  Dependence  of  tae  total  coefficient  of  settling  of  drops  E 
on  parameter  P  at  the  dirferent  values  of  the  parameter  <t>  for  a  round 
cylinder. 


Page  20. 


Actually/really,  with  an  increase  m  the  air-stream  velocity  and  with 
an  increase  in  the  size/dimension  of  drops  parameter  P  increases,  and 
consequently,  increases  coerticient  E,  entering  formula  (1.1),  which 
is  determining  icing  intensity.  On  the  other  hand,  an  increase  in  the 
radius  of  cylinder  leads  to  decrease  of  P  and  respectively  tc  a 
reduction  in  the  coefficient  of  settling  E,  which  decreases  the  icing 
intensity.  However,  the  increase  of  parameter  P  cannot  limitlessly 
increase  E.  The  coefficient  of  settling,  which  is  determining  what 
part  of  the  drops  from  the  volume,  passable  by  cylinder,  encounters 
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the  latter,  naturally,  there  cannot  be  more  than  unity,  E= 1  will  be 
in  that  limiting  case  when  ait  drops  deposit  cn  body  surface  and  when 
value  6  is  equal  in  magnitude  to  two  radii  of  cylinder. 

From  graph/curve  evident  also  that  the  curves  of  the  coefficient 
of  settling  leave  not  tne  origin  oi  coordinates,  but  the  transverse 
axis  of  abscissas  at  certain  value  of  P.  This  it  indicates  important 
the  conclusion  that  with  tnat  determined  PKp  the  coefficient  of 
settling  is  equal  to  zero  and,  tnerefore,  the  icing  of  body  does  not 
occur.  Thus,  the  drops,  for  wmcn  parameter  p<P,<p.  they  are  not 
precipitated  out  on  body,  on  cfte  calculations  of  Langmuir  [43]  the 
precipitation  of  drops  on  cylinder  occurs  if  and  only  if  the 
parameter  exceeds  P*v- 1/8- 

For  flat/plane  plate  PKp  =  >/4.  For  the  wing  profile  of  Zhukovskiy 
with  the  thickness  ratio,  equal  to  15o/o,  on  the  data  of  L.  M.  Levin 
and  S.  R.  Bergran  [12]  £2o  ],  values  P,.p  are  within  the  limits  from 
0.0049  to  0.0078  with  a  cnange  respectively  in  the  lift  coefficient 
t'u  froa  0  to  0.6. 

Dependence  on  parameters  p  and  *  the  zone  of  ice  accumulation  is 
analogous  the  examined  dependence  of  the  coefficient  of  settling  on 
these  parameters.  The  zone  of  ice  accumulation  1  on  cylinder  can  be 
defined  by  angle  9,  as  tms  is  shown  in  Fig.  1.5. 
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FOOTNOTE  l.  More  precisely  to  speaK  about  the  zone  of  settling  drops, 
which  is  frequently  called  tae  zone  of  capture,  since  as  a  result  of 
the  spreading  of  drops  the  zone  of  ice  accumulation  can  be  somewhat 
more.  However,  here  and  suoseguently  it  is  assumed  that  the  drops 
freeze  at  the  point  of  their  inciuer.ee/drop  i.e.,  the  zone  of  ice 
accumulation  it  is  determined  oy  tne  tangential  trajectories  of 
drops.  ENDPOOTNOTE. 

Graph/curve  in  Fig.  1.6  snows  that  with  an  increase  in  parameter 
P  the  zone  of  ice  accumulation  (angle  0)  grews/rises  and  it 
approaches  its  limit,  equal  to  1.67  radians,  which  corresponds  to 
angle  in  90°. 

The  determination  or  tne  coefricient  of  settling  and  zone  of  ice 
accumulation  for  an  arbitrary  wing  profile  is  considerately  more 
complex  problem,  than  for  a  cylinder. 
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Pig.  1.5.  To  the  deter mutation  or  the  concept  of  the  zone  of  ice 
accumulation  on  cylinder  iron  angle  0. 

Page  21. 

If  for  a  cylinder  its  form,  sizes/aimensions  and  position  in  flow  are 
determined  only  by  the  radius  ymcn  enters  into  parameter  P  as 
significant  dimension,  then  tor  a  profile  its  form,  sizes/dimensions 
(chord,  thickness)  and  position  m  flow  (angle  of  attack)  cannot  be 
expressed  by  any  characteristic  value.  In  connection  with  this  for 
profiles  of  any  type  it  is  not  possible  to  obtain  the  overall  strict 
dependence  of  coefficient  E  on  parameters  P  and  *  (or  Ra0)  . 

At  the  same  time  tee  study  or  the  precipitation  of  drops  on 
different  wing  profiles  snoweu  tnat  to  the  coefficient  of  settling  E 
thickness  ratio  and  its  angle  or  attack  exert  insignificant  effect, 
if  thickness  ratio  is  witum  the  limits  from  9  to  1 5o/o,  and  angle  of 
attack  from  0  to  4°.  This  it  allowed  for  a  defined  class  of  profiles 
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with  the  accuracy,  acceptable  ror  practical  targets,  to  count  the 
coefficient  of  settling  depending  only  on  parameters  P  and  Re0.  (For 
a  profile  the  significant  dimension,  entering  parameter  P,  it  is 
chord)  . 

The  conclusion/output  indicated  was  conducted  by  I.  P.  Hazin 
[12]  on  the  basis  of  the  generalization  of  the  series/row  of  the 
calculations,  carried  out  by  N.  K.  Bergran  and  L.  n.  Levin  *. 

FOOTNOTE  ».  It  should  be  uotea  tnat  different  configuration  of  the 
leading  edge  of  an  airfcil  profile  (the  so-called  completeness  of 
nose/leading  edge)  with  tae  save  tnickness  ratio,  of  course,  must 
affect  the  precipitation  or  drops.  This  follows  from  very  physics  of 
phenoaenon.  However,  for  the  broad  class  of  aviation  profiles  this 
effect  both  on  the  complete  coefficient  of  settling  E  and  to  local 
coefficient  e.l.  near  critical  point  is  small.  At  the  same  time  on  a 
change  in  the  local  coefficient  or  settling  in  the  arc  of  profile  the 
configuration  of  nose/leading  edge  has  considerable  effect. 
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Pig.  1.6.  Dependence  of  tne  zone  or  ice  accumulation  6  on  round 


cylinder  on  parameter  P  at  the  arrierent  values  of  the  parameter  <f> 


Key  :  ( 1)  .  rad. 
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Page  22. 

Foe  the  calculations  ut  tne  icing  intensity  of  wing  it  is 
possible  to  use  the  graph/cur ve  (Fig.  1.7),  borrowed  from  woric  [12]. 
Graph/carve  is  valid  in  range  indicated  above  of  a  change  in  the 
thickness  ratio  and  angie  of  attacx  of  profile.  As  can  be  seen  from 
graph/curve,  the  dependence  or  t«o  total  coefficient  or  the  settling 
of  drops  for  a  profile  on  parameters  P  and  Re0  in  character  is 
analogous  the  dependence,  given  in  Fid.  1.4.  With  Reo<10  the 
coefficient  of  settling  t  aepciias  virtually  on  one  parameter  P. 

Besides  coefficient  or  fci  witn  the  calculation  of  de-icing 
systems,  and  also  in  the  experimental  measurements  of  the  intensity 
of  icing  it  is  frequently  necessary  to  know  local  coefficient  '  and 
especially  its  value  near  tne  critical  point  of  profile. 

Calculations  show  that  from  value  Re0  the  coefficient  of 
settling  in  section  near  tne  critical  point  of  profile  (E,  ToqKll) 
depends  to  small  degree  and  tneretore  in  the  first  approximation,  it 
is  possible  to  consider  that  it  is  the  function  of  one  parameter  P. 
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Dependence  /  . .  on  v  ui.  a  protile  is  qiven  in  Fig.  1.H  f  12]. 

This  graph/curve  it  is  ^iiiue  to  usp  f  cr  practical  calc  ala  t  ions . 

For  a  cylinder  analogous  uepaudenc1  is  snovn  in  Fij.  1.9. 

Fig.  1.10  depicts  a  cuange  m  local  coefficient  in  the 
duct/contour  of  cylinder.  Values  E„  deposited/postponed  to  scale 
along  the  normal  to  cylinuer  tor  different  angles  a,  decrease  from 
the  maxieue  value  equal  to  at  critical  point  0.62,  to  rare  at  the 
angle  9,  equal  to  S7.3°. 
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Pig.  1.7.  Dependence  of  tu«=  tota.*.  coefficient  of  settling  of  drops  E 
for  a  profile  on  parameters  e  anu  ae0. 


Page  2  3. 


Sometimes  importantly  it  is  to  Know  also  a  change  in  the  local 
coefficient  of  settling  Utops  rii  tue  arc  of  profile.  An  example  of 
this  charge  for  asymmetric  ^.nuxovsxiy  profile  is  given  in  Fig.  1.11 
» . 


FOOTNOTE  ».  Graph/curve  is  constructed  according  to  N.  R.  faergran's 
iata  [26].  ENDPOOTNOTE. 

It  is  here  along  the  axis  ot  auscissas  deposited/postponed  for  upper 
and  pressure  siie  of  protn«  or  ratio  s/b,  where  s  -  a  distance  on 
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it 

the  duct/contour  of  pronle  trom  to  the  critical  point;  b  -  airfoil 

i 

chord.  Curve  for  P=-  corresponds  to  rectilinear  trajectories  of  the 
drops;  curve  for  a  specitrc  case  iu  [‘=0.125  and  Re0=64  -  curvilinear. 

As  can  be  seen  from  gr  a  pn/c  ur  ve ,  tne  local  coefficient  of  settling 
drops  sharply  decreases  trow  leading  edge  on  the  arc  of  profile, 
reaching  zero  value  at  certain  distance  from  leadinq  edge.  This 
distance  determines  point  or  coutact  of  tangency  on  the  profile  of 
the  extreme  trajectory  or  drops,  i.e. ,  the  zone  of  the  capture  of 
drops  on  profile. 

With  an  increase  in  parameter  P,  as  one  would  expect,  tne  local 
coefficient  of  settling  drops  and  the  zone  of  their  capture  on 
profile  grow/rise.  On  tne  prorne  m  question  for  P=-  zone  of  capture 
(0.22  for  lower  and  0. 3z  tor  au  upper  surface)  they  coincide  with  the 
section  of  maximum  profile  tnioxnass. 

This  change  in  the  local  coeiricient  of  settling  in  the 
duct/contour  of  profile  explains  tne  form  of  ice  outgrowth  which 
initially  is  formed  and  wmca  is  cnaract  er  i  ze  d  by  the  greatest 
thickness  of  ice  at  the  critical  point  of  the  profile  (where  the 
values  of  local  coefficient  are  maximum) 

FOOTNOTE  *.  Subsequently  in  proportion  to  the  increase  of  ice  the 
form  of  profile  is  distorted  and  a  change  in  the  local  coefficient  no 
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longer  corresponds  to  curve  lit  Kig.  1.11.  ENDPOOTNOTE. 

Data  about  the  local  coettieient  of  settling  -sake  it  possible  to 
calculate  the  distributica  or  tae  intensity  of  the  increase  of  ice 
according  to  the  arc  of  profile  aau  to  determine  tne  required  energy 
content  which  must  be  conducted  iu  each  section  of  profile  for  its 
protection  from  icing. 


TT 
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Fig.  1.8.  Dependence  of  tue  locdi.  coefficient  of  settling  drops  near 
the  critical  point  of  proiixe  . . »  on  parameter  P. 
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Page  24. 


£  «  IP  TOM** 

1, 0 


Pig.  1.9.  Dependence  of  local  coefficient  of  settling  drops  near 
critical  point  of  cylinder  on  parameter  P. 


4 
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Fig.  1.10.  Change  in  local  coefficient  of  settling  drops  E ,  in 
duct/contour  of  cylinder  vitti  P  =  1  and  Reo  =  0. 


Page  25. 


In  lore  detail  about  tne  definition  of  the  zones  of  ice 


accumulation  and  distrioution  of  tne  local  coefficient  of  settling 
speaks  in  chapter  III.  Here  are  given  only  several  initial 
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graphs/curves  for  the  CdiJUiation  of  zones  settlings  of  drops.  For 
aviation  profiles  most  completely  this  question  was  examined  in  N .  R. 
Bergran*s  work  [26].  The  drr f  er eut  ral  equations,  which  are 
determining  the  tra jectoro.es  of  drops,  were  solved  by  N .  3.  Bergran 
with  the  aid  of  the  computing  uevice/equ ipment.  Tne  trajectory 
calculation  of  drops  was  conducted  under  the  assumption  of  the 
incompressibility  of  air  tor  a  speed  range  from  160  to  560  km/h  and 
drops  in  diameter  from  20  to  luO  p.  In  calculations  the  chord  length 
of  profile  varied  from  d./n  to  *  m.  These  variable/alternating  were 
introduced  into  the  di meusioni«ss  parameters  P  and  Re0  *. 

FOOTNOTE  N.  R.  Bergran  instead  or  parameter  P  used  parameter  $  - 

"scale  modulus/module",  in  this  case  $=9y./Yk ■  Lfr.  where  y*  and  v*>  - 
respectively  the  specific  gravity/weights  of  air  and  drop. 

It  is  not  difficult  to  see  tnat  e0/P.  In  present  work  as  almost 
in  entire  Soviet  literature  on  tais  theme,  there  is  used  parameter  P. 
ENDFOOTNOTE. 

To  account  for  effect  on  tne  uimension less  parameters  of  the 
form  of  profile  and  angle  or  its  attack  N.  R.  Bergran  examined  the 
following  five  versions,  given  in  table  1. 


P  ado 


0- 


Fig.  1.12  gives  those  constructed  on  the  basis  of  the  data  given 
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to  table  1,  overall  dependences  or  the  relative  zone  of  the  capture 
of  drops  s/b  on  parameters  H  ana  8e0  for  a  symmetrical  Zhukovskiy 
profile  (c=15o/o). 

In  Fig.  1.7  and  1.8  were  given  graphs  E=f(P  and  8e0)  ,  obtained 
as  a  result  of  the  trajectory  calculations  of  drops  during  the  flow 
around  the  Zhukovskiy  protiies,  ana  also  profiles  NACA-0.009, 
NACA-221 5  and  NACA  652-01o. 
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Pig.  1.11.  Change  in  the  local  coefficient  of  settling  drops  Ea  in 
the  duct/contour  of  the  cutvea  pcorile  of  Zhukovskiy  *0.44,  a=0 
c=15o/o) . 


Key:  (1).  Lower  surface,  (a).  Upper  surface. 
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fig  1.12.  Dependence  of  tae  relative  zone  of  the  capture  of  drops  on 
paraaeters  P  and  Re„  for  a  symmetrical  Zhukovskiy  profile 

,  (7=13*/.). 

j— c y  -0.  <1=0'.  r  b-i.HtT.  Q-rv-0,X.  a-T.  r;b- 2,67,  C~cy  =0,44.  0-4*.  r,b~ 2.<v 

Key:  (1).  Upper  surface,  (!) .  lover  surface. 


Page  28. 

for  the  profiles,  which  snarply  uilfer  in  form  from  those  indicated, 
the  dependence  of  the  coefficient  of  settling  on  parameter  P  can  be 


several  different 
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For  example,  let  us  «xi«iud  (Fig.  1.13)  settling  drops  on  two 
profiles  (A  and  B)  ,  witn  liduucal  chord  and  thickness  ratio,  but  by 
the  different  configuration  ot  nose/leading  edge.  In  this  case  let  us 
assume  that  the  drops  are  sucu  xatge/coarse  that  their  trajectories 
are  rectilinear.  It  is  not  aimcuit  to  see  that  in  profile  with  the 
pointed  nose/leading  edge  tae  local  coefficient  of  settling  is  less, 
since  ratio  Ah/Al  for  Fionle  o  is  less  than  for  profile  A.  However, 
the  complete  coefficient  oi  settling  for  each  profile  is  identical 
(under  the  condition  of  tne  strai^ntness  of  the  trajectories  of 
drops) .  Under  the  normal  conditions  when  the  trajectories  of  drops 
are  curvilinear,  the  local  coertxcient  of  settling  drops  in  the 
pointed  profile  B  will  be  also  lass;  however,  its  complete 
coefficient  of  settling  crops  wni  be  more  than  in  profile  A  as  a 
result  of  an  increase  in  tne  "xoae  of  collision"  6  for  the  pointed 
profile.  This  it  is  necessary  to  Keep  in  mind  in  the  examination  of 
the  wedge-shaped  and  lens  profiles,  characteristic  for  supersonic 
aircraft. 

During  the  study  of  tne  pncaomenon  of  the  precipitation  ot  drops 
on  different  bodies  it  is  necessary  to  remember  that  parameter  P  is 
the  criterion  of  similarity  or  tne  trajectories  of  drops  only  for 
geometrically  similar  fccaies  (or  at  least  for  bodies  with 
sufficiently  close  geometric  form) .  For  example,  the  precipitation  of 
drops  on  two  bodies,  examined  in  Fig.  1.14,  from  which  body  B  is  the 
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part  of  another  body  A,  occurs  virtually  equally  with  sufficiently 
high  sizes/dinensions  L ,  and  Lh.  deanvhile  parameter  P,.  (body  B)  will 
be  so  such  tine  more  than  parameter  PA  (body  A)  in  how  often  Ls  is 
less  l A  (#  other  conditions  nexuj  equal,). 
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Key:  (1).  Type  of  profile.  (2).  Angle  of  attack.  (J).  Hadius  of 
leading  edge  in  o/o  of  airfoil  chord  (r/b)  .  (4)  .  Symmetrical 

Zhukovskiy  profile  in  thicKness  ratio  15o/o.  (5).  Then.  (6).  Bent 

Zhukovskiy  profile  with  relative  tuickness  15o/o.  (7) .  Profile  NACA 

65z-0 1 5  (symmetrical). 


Page  2  9. 


The  determination  of 
indicated  with  the  u 
profiles  of  close  in 


the  coefficients  of 
se  of  dependence  E=f 
form,  will  onng  in 


settling  the  bodies 
(P) ,  obtained  for  the 
this  case  to  errors. 


6.  Concept  about  the  integral  coenicient  of  settling  and  the  mean 
radius  of  cloud  drops. 
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Examining  in  the  ptecediug/pcevious  paragraph  the  coefficients 
of  settling  drops  for  cylinders  ana  aviation  profiles,  we  proceeded 
from  the  condition  of  the  unitormity  of  cloud,  i.e.,  we  assumed  that 
the  medium,  in  which  occurs  tne  motion  of  this  body,  consists  of  the 
drops  of  identical  size/uimension. 

Under  the  actual  conditions  or  cloud  contain  the  drops  of  the 
most  varied  sizes/di  me nsions.  it  in  this  cloud  is  moved,  for  example, 
the  wing  of  aircraft,  theu  is  ojjvious  that  the  precipitation  on  the 
wing  of  the  drops  of  dittetcnt  radius  will  occur  differently.  To  each 
group  of  drops  with  an  identical  radius  will  correspond  its  specific 
coefficient  of  settling,  however,  as  a  whole  the  precipitation  of 
drops  on  wing  will  be  determined  oy  certain  total  coefficient  of 

A-/ 

settling  drops,  which  is  called  integral  and  is  designated  by  E  f  12], 
For  example,  if  in  the  cloud  dOo/o  water  it  is  contained  in  drops 
from  it  is  concealed  by  tne  radius  for  which  the  coefficient  of 
settling  is  equal  to  El#  to  JOo/o  of  water  in  drops  with  the 
coefficient  of  settling  E2,  200/0  -  in  drops  with  the  coefficient  of 
settling  E3  and  5o/o  of  water  -  in  drops  with  coefficient  of  E« ,  then 
3=0.9  £,*0.3E2+0.25E3«-0.  dbE*. 


It  is  obvious  that  into  tne  tormula  of  the  intensity  of  icing 
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(1.1)  *ust  enter  the  precisely  integral  coefficient  of  settling  E. 

For  dateraining  of  t  it  la  necessary  to  know  the  dependence  of 
the  coefficient  of  settling  on  .ae  size  s/d i »e nsi ons  of  drops,  that  it 
is  possible  to  obtain,  utilizing  graphs  of  the  preceding/previous 
paragraph ,  and  also  di stnuutio n  or  drops  in  cloud  according  to  their 
sizes/dimensions. 
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Pig.  1.13.  fig.  1.14. 

Pig.  1.13.  For  determination  ui  ouect  of  configuration  of  leading 
edge  of  an  airfoil  profile  on  locax  coefficient  of  settling  drops. 

Key:  (1).  profile. 

Fig.  1.14.  To  explanation  ut  precipitation  of  drops  on  bodies  of 
different  geometric  fora. 

Page  30. 


The  study  of  cloud  aicr ostructur e  of  laminar  forms  showed  that 
the  spectral  distribution  or  urops  according  to  sizes/dimensions  can 
be  expressed  by  simple  corauxa  appending  on  the  mean  radius  of  drops 

[  12]: 

I  r 

rt(r)  -ur-e 


wnere  n(r)  -  density  of  distribution  of  drops  into  1  cm3  of  air 
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according  to  the  sizes/diuicnsions;  a  -  constant. 

By  is  understood  dutumeuc  mean  radius  (i.e.  ",  i>.«.  i!/.- , 

where  n  -  a  number  of  diopa  wi.cn  a  radius  of  r.\  *. 

FOOTNOTE  *.  As  showed  invest igations  [1],  this  formula  is  valid  also 
for  convective  clouds.  ihnl'uOi'NOiii. 

The  use  of  the  formula  indicated  and  dependences  of  the  coefficients 
of  settling  on  parameter  P,  into  wuich  enters  the  si ze/iiraension  of 
drops,  made  it  possible  to  calculate  [Id]  the  integral  complete 
coefficient  of  settling  drops  E  an  a  integral  local  coefficient  of 

settling  drops  near  critical  point  T . „t  for  the  5  aviation 

profiles  examined  in  Section  m  taickness  ratio  from  9  to  15o/o. 

Fig.  1.15  and  1.16  give  tne  g i aphs/cu r ves  on  which  E  and 
:  are  given  in  dependence  on  the  chord  length  of  profile  for 

two  values  of  true  airspeed  (ddd  and  600  km/h)  and  two  values  of  the 
mean  radius  of  drops  (4  ana  o  n) •  A  change  of  the  integral  lccal 
coefficient  of  settling  m  dependence  on  speed  is  shown  in  Fig.  1.17. 

These  graphs/curves  can  ne  used  with  acceptable  accuracy  tor  the 
majority  of  practical  calculations  of  the  icing  intensity  of  aviation 
profiles. 
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It  should  be  noted  that  it  is  possible  and  not  to  introduce  the 
concept  of  the  integral  coeiricient  of  settling.  In  this  case  into 
the  formula  of  the  intensity  or  rcing  (1.1)  must  enter  the 
coefficient  of  settling  (complete  or  local),  determined  for  those 
drops  in  which  is  contained  tne  uase  mass  of  water  of  cloud.  However, 
this  method  can  be  con  j  u  jated/coanmed  with  seme  errors  during  the 
calculation  of  icing  intensity. 


7.  Icing  at  the  high  sucsonic  speeds  of  flight. 


Air-stream  velocity  directly  enters  into  the  formula  of  the 
intensity  of  icing  (1.1;.  nut  t urtner mor e  with  an  increase  in  the 
velocity  increases  the  coefncieut  of  settling  drops  a,  which  leads 
to  even  more  rapid  increase  or  ice. 


The  calculations  or  tne  coetricients  of  settling  drops  for 
cylinders  and  aviation  pronres,  examined  above,  were  made  under  the 
assumption  that  air  was  incompressible,  Meanwhile  at  the  sufficiently 
high  flight  velocities  in  air  appear  such  pressure  differences  which 
noticeably  change  its  density. 


<  is  :i‘  *«*!»••*'  * 
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Key:  (1)  .  km/h.  (2)  .  p. 

Pig.  1.17.  Dependence  or  integral  local  coefficient  of  settling  drops 
£ near  critical  point  or  profile  on  flight  speed. 

Key:  ( 1)  .  p.  (2)  .  km/h  . 

Page  32. 

Because  of  this  it  is  necessary  to  explain,  as  the  phenomenon  of  the 
compressibility  of  air  it  wilx  direct  settling  drops. 

From  airfoil  theory,  wnicli  moves  with  subsonic  speed,  it  is 
known  that  the  flow  arouna  profile  in  compressible  li  iuid  corresponds 
to  flow  at  the  high  angle  or  attac*  of  the  thickened  profile  in  the 
incompressible  fluid. 

Relative  thickness  of  tnia  rictitious  profile  cj,  and  its  angle 
of  attack  are  connected  witn  tne  tnickness  ratio  of  this  profile  c 
and  its  angle  of  attack  a  witn  relations  hips/ratios  l: 

•  U 

/T~  w-  ’  n<>1  “  /  i_M2  ’ 
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where  Mach  number  is  the  relation  to  air-stream  velocity  to  the  speed 
of  sound. 

POOTNOTE  l.  These  re laticnsuips/iarios  from  the  airfoil  theory  of 
Prandtl-Glauert,  valid  cniy  ror  tain  profiles  and  low  angles  of 
attack,  are  given  here  only  for  me  explanation  of  the  physical 
essence  of  phenomenon.  More  rally  the  theory  cf  compressibility 
effect  was  developed  by  soviet  academician  S.  A.  Khristianovich. 
ENDFOOTNOTE. 

Since  the  thick  pronle  (see  9  3)  ices  up,  otner  conditions 
being  equal,  is  less  intensely,  taan  thin,  then  hence  it  follows  that 
the  compressibility  of  air  decreases  the  coefficient  of  settling 
drops. 

From  this  correct  actually  position  some  researchers  made 
incorrect  practical  the  conclusion  that  the  decrease  of  the 
coefficient  of  settling  as  a  result  of  the  compressibility  effect  of 
air  can  to  a  considerable  degree  compensate  an  increase  in  the  icing 
intensity  with  an  increase  in  tne  speed.  The  comparison  of  the 
trajectories  of  drops  in  compressed  air  flow  with  the  trajectories  of 
drops  in  the  incom pr essilie  air  snowed  that  the  compressibility 
effect  is  comparatively  small  and  ror  solving  many  practical  tasks  it 
can  be  disregarded/neglected,  is  explained  this  by  the  following: 


DOC 


79116202 


PAbfi 


_  J^X<L  • 

^compressibility  eftect  ou  ilow  line  becomes  apparent  perceptibly 
only  near  body,  for  example,  tor  a  cylinder  at  a  distance,  exceeding 
its  radius,  compressibility  no  longer  affect  the  flow  line.  On  the 
other  hand,  the  compressibility  arrect  virtually  does  not  appear  for 
the  center  section  of  tne  now  lines,  i.  e.  ,  near  critical  point. 
Because  of  this  the  drops,  wmcn  possess  large  inertia,  do  not  manage 
to  change  their  motion  ana  tnus  street  on  their  trajectory  of  the 
compressibility  of  air  is  v&ry  insignificant.  However,  The  small/fine 
drops,  which  deposit  on  ooay,  always  are  arranged/located  in  the 
center  section  of  air  flow,  i.e.,  where  the  compressibility  effect  is 
also  insignificant.  Comptessiuil.it y  has  perceptible  effect  only  on 
the  drops  of  average  sizes  (witn  average  values  of  parameter  P) .  Fig. 
1.18  shows  compressibility  efrect  on  the  complete  coefficient  of 
settling  depending  on  parameter  P  tor  a  round  cylinder. 


Page  33. 

As  can  be  seen  from  figure,  £\.;i<  is  less  C„<.cm  it  is  maximal  to  3o/o 
(calculations  are  carried  out  at  tne  value  of  Mach  number,  close  to 
critical) .  For  a  profile  tne  decrease  of  the  total  coefficient  of 
settling  of  drops  as  a  result  of  tne  compressibility  of  air  can  be 
somewhat  greater.  However,  to  tne  local  coefficient  of  settling  near 
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critical  point  compressibility  virtually  does  not  affect. 

Thus,  the  decrease  causea  uy  compressibility  of  the  coefficient 
of  settling  of  drops  will  not  snow/render  the  consideraole 
counteraction  to  the  increase  ui  tue  intensity  of  icing  with  an 
increase  in  the  velocity  oi  mgut. 

However,  upon  reacning  of  surriciently  high  speeds  is  observed 
another  phenomenon,  which  pIocks  rurther  icing. 

Let  us  write  the  known  equation  of  Bernoulli  for  air  (taking 
into  account  his  compressibility): 

* .  . P- 

2  k  —  1  o1  2  k  —  1  yo 

Here  Vt  and  V2  -  with  respect  tc  tae  air  speed  in  some  two  sections, 
isolated  in  air  flow;  p4  ana  p2  -  pressure;  pt  and  p2  -  air  density 
in  the  sections;  K  —  cpjcv  -  relation  of  heat  capacity  of  air  at 
constant  pressure  {C/>y  to  its  neat  capacity  at  a  constant  volume  ( cv ). 
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Fig.  1.18.  Compressibility  enact  of  air  on  the  complete  coefficient 
of  settling  drops  depending  on  parameter  P  for  a  round  cylinder. 


Page  34. 


After  using  the  equation  or  state  of  gas  in  the  form  p-gpRT 
(where  g  -  acceleration  or  gravity,  R  -  gas  constant,  T  -  absolute 
temperature),  equation  (l.o).  Can  oe  converted  to  the  following  fo.m 


ir+r-T*7'*— 


l 

2* 


ft-  1 


RT. 


(t.7> 


or,  transferring/translating  the  terms  of  equation  into  the  thermal 
units 


Air r,=-.A 


Vr, 


-’e 


ART.. 


(1. 


where  A  -  heat  equivalent  or  mecnanical  work. 


From  thermodynamics  it  is  mown  that  AR  cp  r.„  whence 

£ 

AR  -  f.,.  Otilizing  this  relatioaship/rat  io,  equation  (1.8)  m  the 

k  I 

final  form 


.IV: 


r. 


IV: 

2g<P 


(1.1*1* 
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FOOTNOTE  *.  Equations  (l.o)  ana  (1.9)  ar«  only  different  expressions 
of  the  law  of  conservation  or  energy  for  the  moving/dr iving  gas.  Was 
here  used  in  the  beginning  tne  agnation  of  Bernoulli  as  more  familiar 
to  readers*  majority.  EisibEudlaOTE. 

Let  the  first  section  be  is  selected  at  sufficiently  large  distance 
from  profile,  and  the  second  at  its  critical  point  where  the  flow 
completely  is  braked,  i.e.,  V2=0.  Then 

r  T  AV\ 

'  1 1  — ~ .  1 1,  lit) 

2gCp 

i. e.,  during  the  total  stagnation  of  the  air,  which  was  moving  at  a 

11/2 

rate  of  V,  occurs  its  heating  to  value  the  temperature  of  air 

at  the  critical  point  of  profile  will  be  more  than  the  temperature  of 
surrounding  air  (Tj)  to  tne  value  indicated. 

Formula  (1.10),  whicn  is  determining  the  so-called  kinetic 
heating,  can  be  simplified,  alter  substituting  into  it  the  values  of 
the  corresponding  values:  A=  1/427  *.cal/kg*m;  cr-  !V-’4  kcal/kg»deg  and 
g=9.81  m/s2. 
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Taking  into  account  cais  suustitution  we  will  obtain 

if  r — /,  =  1 "  ,i.ii) 

As  is  known,  air  compr as^iau  in  the  absence  of  heat  exchange 
with  the  environment  (adiaoatic  compression)  is  accompanied  by  an 
increase  in  its  temperature,  the  rapidly  elapsing  processes  of  air 
compression  in  practice  can  ue  considered  very  close  to  adiabatic 
ones.  Braking  airflow  leads  to  its  compression  and  connected  with 
this  increase  in  the  temperature.  It  is  obvious  that  at  the  critical 
point  where  the  flow  coupreteiy  is  braxed,  heating  air  will  be 
greatest.  However,  also  on  tne  lateral  surface  of  the  profile  where 
the  air  speed  can  exceed  tne  speed  of  the  incident  undisturbed  flow, 
heating  air  occurs. 

Page  35. 

This  is  explained  by  the  tact  tnat  during  flow  in  Dody  surface  is 
formed  the  thin  boundary  layer  ol  the  stagnated  air  whose  emergence 
is  caused  by  the  viscous  rorces.  Because  of  the  fact  that  the  air 
speed  in  the  layer,  directiy  adjacent  to  body  surface  less  than  in 
the  more  distant  layer,  occurs  internal  friction,  which  leads  to  heat 
liberation  and  increase  iu  tne  temperature  of  boundary-layer  air. 

Thus,  with  an  increase  iu  tne  flight  speed,  on  one  hand,  occurs 
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an  increase  in  the  icing  luteubU),  and  with  another,  there  is 
kinetic  heating  of  the  surrace  or  aircraft  as  a  result  of  compression 
and  friction  of  contrary  au  now. 

It  is  obvious  in  sucu  a  case,  when  the  temperature  of  the 
surface  of  aircraft  proves  to  ue  as  a  result  of  heating  by  positive, 
ice  formation  does  not  occur-  ou  this  in  their  time  were  based  the 
assumptions  relative  to  tunt  ror  tne  aircraft,  which  were  being 
operated  on  speeds  on  the  order  oi  700  km/h,  icing  it  will  not 
represent  danger.  However,  tms  proved  to  be  inaccurate. 

Formula  (1.11)  for  convenience  it  is  easy  to  convert  as  follows: 

\T  ^  0,38  ( V.  ,1.1-Jt 

'  loo  / 

where  V  -  speed  of  aircraft  m  koh/u. 

From  this  formula  rt  is  evident  that  for  the  flight  speeds, 
smaller  300  km/h,  heating  leaning  wing  edge  will  not  exceed  -3.5°C. 

Formula  (1.12)  gives  the  suiticiently  close  to  reality  value  of 
kinetic  heating  at  the  critical  point  of  profile  in  flight  in 
so-called  "dry"  air  (out  or  clouds).  However,  under  conditions  of 
icing  the  value  of  kinetic  ueating  will  be  considerably  less. 
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8.  On  the  possibility  of  icxng  at  supersonic  flight  speeds. 

From  the  previous  it  roiiows  that  the  greater  the  flight  speed, 
that  at  lower  temperature  or  surrounding  air  must  occur  aircraft 
icing,  for  supersonic  speeds  tue  Kinetic  heating  of  the  surface  of 
aircraft  is  so  already  nigh  mat  tne  icing  is  possible  only  at 
temperature  of  surrounding  air  or  -jS°--40°c. 

There  are  different  points  or  view  about  the  possibility  of 
icing  at  supersonic  flignt  speeds.  In  the  opinion  of  some  researchers 
[53]  rhombiform  and  wedgc-snapea  profiles  can  undergo  drop  icing  to 
rtach  numbers,  equal  to  1.4  and  even  1.8.  On  the  other  hand,  for 
example,  in  work.  [12]  is  made  tue  conclusion  that  the  aircraft  icing 
at  supersonic  flight  speed  due  to  settling  of  the  supercooled  water 
drops  is  virtually  impossioie. 

Page  36. 

The  basis  for  this  conclusion/output  served  as  the  author  the  works 
indicated  initial  data  on  nguia-water  content  and  cloud 
microstructure,  existing  at  low  temperatures  of  surrounding  air. 

Actually/r9ally ,  tneoreticax  calculations  show  that  in  flight 
with  supersonic  speed,  in  order  to  compensate  the  evaporation  of  the 
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moisture  depositing  on  pioriie,  is  requited  the  liquid-water  content 
of  droplet  cloud  on  the  order  or  J. 1  g/m3.  The  author  of  work  [  12] 
proceeded  from  the  fact  tnat  water  content  of  clouds  with  te mperat ues 
of  -35 — 40°C  is  less  than  the  given  value,  but  the  radius  of  cloud 
drops  does  not  exceed  5  p. 

However,  as  this  is  snowa  uelow,  the  values  of  liquid-water 
content  at  temperature  oi  air  or  -jO°C  in  one  percent  of  the  cases 
can  reach  approximately  u. J  g/rn3 

FOOTNOTE  ».  This  numeral  is  recommended  as  calculated  during  the 
design  of  the  de-icing  systems  (see  Chapter  III).  ENDFOOTNOTE. 

This  it  indicates  that  also  at  lower  temperatures  is  possible  the 
existence  of  supercooled  clouds  with  the  liquid-water  content,  which 
considerably  exceeds  0.1  g/m3,  tuat  also  is  confirmed  by  practice. 

The  recorded  cases  or  icing  (in  flight  at  subsonic  speeds)  show 
that  intense  ice  formation  on  the  surface  of  aircraft  as  a  result  of 
settling  of  the  supercooled  drops  is  possible  at  temperature  of 
surrounding  air  of  -40°o  and  even  it  is  lower. 

In  particular,  one  or  tue  aircraft  of  11-18  in  flight  through 
Atlantic  underwent  strong  and  prolonged  icing  at  temperature  of 
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surrounding  air  within  the  limits  irom  -44  to  -46°C.  In  this  case  the 

t 

average/raean  liquid-watci  content  was  not  less  than  0.5  g/®3. 


Thus,  at  present  it  is  poasmie  to  only  assert  that  at 
supersonic  flight  speeds  tne  cases  of  drop  icing  will  he  extremely 

rare  2. 


FOOTNOTE  2.  Should  be  considered  arso  the  possibility  of  crystal 
icing.  ENDFOOTNOTE. 


This  however  does  not  indicate  tuat  the  anti-icing  protection  for  a 
supersonic  aircraft  is  not  required.  The  execution  of  reduction  and 
landing  approach  is  connected  tor  a  supersonic  aircraft  with 
transition  to  such  speeds,  at  which  the  probability  of  icing  also  is 
great  as  for  low-speed  pcston-engmed  aircraft.  And  therefore  however 
short-term  there  was  the  mjut  or  supersonic  aircraft  at  low  speeds, 
for  it  is  also  necessary  sumcientlv  powerful/thick  and  reliable 
de-icing  system. 


la 


DOC 


79 1 16202 


P  AGL 


17 


Page  17. 


Chapter  II. 


METEOROLOGICAL  CONDITION  Or’  iCltfn. 


1.  Basic  meteorologica 1  lactora,  wnich  affect  icing. 

Meteorological  factors  in  uxirerent  ways  affect  the  process  of 
aircraft  icing.  Liquid-water  content  directly  determines  tne  speed  of 
the  increase  of  ice.  The  temperature  of  air  and  the  size/dimension  of 
drops  define  mainly  the  type  iroruij  of  icing.  At  the  same  time  the 
size/dimension  of  the  drops  tnrougu  the  coefficient  of  settling 
affects  icing  intensity.  Email/,  the  three-dimensional/space  extent 
of  the  zone  of  icing  to^etuer  with  its  intensity  characterizes  the 
quantity  of  ice  which  can  ue  roraeu  on  aircraft. 

Temperature  of  air. 


ch  is  possible  tne  icing 
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oscillate  in  the  large  limits;  rtorn  values,  close  to  0°C,  to  the 
values,  which  reach  -40°t  it  is  ueiow. 

There  is  a  specific  temperature  range,  for  which  the  probability 
of  icing  is  greatest.  Statistics  snows  that  a  great  quantity  of  cases 
of  aircraft  icing  proceeus  at  temperatures  of  air  in  gap/interval 
from  0  to  -20°C,  and  in  particular  from  0  to  -10°C.  Icing  at  lower 
temperatures  occurs  considerably  loss  often.  The  statistical  data, 
assembled  by  central  aeroiogical  observatory  during  the  last  few 
years  above  the  territory  or  tne  soviet  Union,  also  show  that  the 
supercooled  clouds,  which  Cali  icing,  are  encountered  to  -40°C.  In 
this  case  the  frequency  of  tneir  appearance  at  temperature  of  air  of 
lower  than  -35°C  comprises  less  tuan  lOo/o  cases.  In  range  from  0°  to 
- 1 0°C  the  drop  supercoorea  clouus  are  encountered  into  80o/o  of 
cases . 

Page  38. 

Are  known  the  cases  or  urop  icing  in  powerful/thick  cumulonimbus 
clouds  at  temperatures  ct  air  wituin  the  limits  from  -40°  to  -50°C. 
Thus,  for  instance,  on  14  august,  1961,  in  area  g.  Voronezh  with  the 
execution  of  experimental  rngnt  tne  aircraft  of  Tu-104  at  the 
height/altitude  of  1050o  m  underwent  intense  icing  in  the  upp°r  part 
of  the  po wer f u f /t hie k  cumuionxmbus  cloud  at  temperature  of 
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surrounding  air  of  -48°c.  La  otudx:  case  the  aircraft  of  Tu-104  met 
icing  at  the  height/altitude  or  lulOO  m  at  temperature  of  -47°C 
(flight  was  accomplished  oa  Jury,  196  1,  ir.  area  g.  voloyda)  . 

As  noted  in  the  beginning  or  the  preceding/previous  chapter,  was 
noted  aircraft  icing  at  even  rower  temperatures  of  air  (-65°C)  . 
However,  the  limitedness  or  tne  inrormation  about  such  cases  does  not 
make  it  possible  to  make  the  completely  specific  conclusions  relative 
to  the  mechanism  of  icing  at  temperatures  indicated. 

The  icing  of  individual  parts  of  the  power  plants  is  possible  at 
positive  temperatures,  f cr  example,  the  icing  of  carburetor 
frequently  appears  at  temperature  of  surrounding  air  considerably 
higher  than  0°,  which  is  connected  with  a  temperatur0  decrease  as  a 
result  of  evaporation,  i'nere  is  also  an  opinion  about  the  fact  that 
if  *he  aircraft  completes  taxeott  under  conditions  of  precipitation 
of  rain  or  melting  snow  at  positive  temperature,  very  close  to  0°C, 
then  the  surface  of  aircrart  is  covered/coated  with  the  water  film 
which  evaporates  during  taxeorr,  is  cooled  and  it  can  freeze,  having 
formed  a  thin  ice  crust. 

Air  humidity. 


Aircraft  icing  is  connected  with  the  specific  air  humidity. 
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"humidity"  or  "dryness"  of  du  ia  determined  not  by  the  absolute 
quantity  of  water  vapor,  wmca  are  contained  per  unit  of  volume  of 
air  (absolute  humidity  a  *n  g/rn3) ,  but  that,  how  air  is  close  to 
saturation  state.  A  quantity  is  vapor  (A  in  g/m3) ,  necessary  for 
saturating  a  unit  of  the  volume  of  air,  is  changed  depending  on 
temperature,  increasing  wirn  an  increase  in  the  latter,  and  vice 
versa,  decreasing  with  its  decrease.  The  degree  of  the  saturation  of 
air  by  water  vapor,  as  is  Known,  it  is  characterized  by  the  relative 
humidity  -  ratio  a/A,  expressed  usually  in  percentages.  Uith  a 
temperature  decrease  relative  numiaity  increases,  and  air  approaches 
saturation  state.  Observations  show  that  the  relative  humidity  with 
icing  composes  80-100o/c,  Specitic  humidity,  i.e.,  a  quantity  of 
water  vapor,  which  is  contained  in  1  kg  of  humid  air,  in  conditions 
of  icing  usually  exceeds  1  ^/k^. 

An  increase  in  the  relative  or  specific  humidity  with 
height/altitude  testifies  anout  conditions  favorable  for  icing. 

Page  39. 

Liguid-water  content  of  supercooled  clouds. 

As  already  repeatedly  it  was  noted,  ice  formation  on  aircraft  is 
directly  connected  with  tne  presence  in  the  atmosphere  of  the 
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supercooled  water  drops,  i r  absolute  humidity  characterizes 
liquid-water  content,  taat  is  founa  in  vaporous  state  l,  then 
liquid-water  content  determines  ue  content  per  unit  of  volume  of  air 
of  water,  which  is  found  in  tne  urop-forming  state. 

FOOTNOTE  In  practice  vapor  frequently  is  called  the  accumulation  of 
the  smallest  drops  of  water,  water  vapor  -  invisible  gas  without 
color  and  without  odor.  bildi'OOTNOTts. 

Liquid-water  content  is  one  or  tne  most  important  factors  of  the 
icing,  to  study  of  whicn  during  tne  last  few  years  was  devoted  a 

considerable  number  of  words  [llj,  [Id],  [6],  [7],  [45],,  [27],  [24], 

/ 1 

etc . 

This  is  fully  u nderstandaore,  since  the  quantity  of  the 
moisture,  condensed  in  tne  toiii  or  drops,  that  contains  per  unit  of 
volume  of  air,  it  directly  aliacts  the  rate  of  formation  of  ice  on 
aircr  aft . 

The  various  forms  of  cxouuiness  are  characterized  by  the  values 
of  liquid-water  content  equal  tor  them.  But  also  in  by  one  and  the 
same  of  cloudiness  the  values  or  liquid-water  content  can  oscillate 
extremely  sharply.  Connection/communication  of  liquid-water  content 
with  different  meteorological  parameters  and  with  the  mechanism  of 
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the  f ormation/educat ion  or  clouus  is  up  to  now  studied  little.  It  is 
revealed  only,  that  the  liquid- water  content  depends  substantially 
from  three  parameters:  temperature,  temperature  gradient  and 
height/altitnde  from  lower  cloua  oase.  Insufficiently  still  there  is 
also  data  about  the  values  or  liquid-water  content  at  low 
temperatures  of  air,  whicn  impeues  the  selection  of  the  desiqn 
conditions  of  icing,  i.e.,  tae  conuitions  tc  which  must  be  calculated 
the  de-icing  system  of  aircraft. 


The  work  on  the  stuuy  of  the  liquid-water  content  of  supercooled 
clouds,  which  were  being  carries  out  in  the  Soviet  Union  (mainly  by 
central  aerological  observatory;  and  abroad  (V.  Lewis,  K.  Pettit  et 
al.),  on  the  whole  gives  the  identical  picture  of  the  values  of 
liquid-water  content.  Inus,  for  instance,  according  to  data  of  TsAO 
in  the  clouds  of  laminar  rorms  tne  maximum  of  the  recurrence  of  the 
values  of  the  liquid-water  content  occurs  for  ~0. 1  g/m3,  and  its 
maximum  values  reach  1.6  g/m3. 

According  to  Canadian  researcner  K.  Pettit's  data  [49]  the 
maximum  of  recurrence  also  corresponds  0.1  g/m3,  and  the  maximum 
values  of  -1.4  g/mJ. 

According  to  V.  Lewis's  uata  (.45  ]  in  stratus  and  stratocumulus 
clouds  the  maximum  of  recurrence  is  within  the  limits  of  0.1-0.19 


m 
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g/m3,  but  laxioun  valuer  do  not  exceed  1  g/m3,  in  this  case  into 
95c/o  of  cases  the  liquid-water  content  comprises  less  than  0.5  g/ui3. 
It  should  be  noted  that  V.  Lewis's  data  are  based  on  the  considerably 
smaller  number  of  observations  (d/2  cases) ,  than  data  of  TsAO  and  K. 
Pettit  which  connect  thousand  and  Hundreds  of  measurements. 

In  the  supercooled  cumulus  auu  cumulonimbus  clouds  the 
liquid-water  content  can  reacn  considerably  larger  values.  The 
maximum  of  recurrence  for  tnese  clouds  falls  to  ~0.2  g/m3,  maximum 
values  approach  2  g/m3,  cat  into  9bc/o  of  cases  liquid-water  content 
comprises  less  than  0.9  g/m3  (according  to  V.  Lewis's  data). 

Page  40. 

Systematized  data  on  the  cumuiouimous  clouds  it  is  insufficient  for 
the  confident  conclusiou/output  anout  the  possible  values  in  them  of 
liquid-water  content.  However,  according  to  separate  mainly  indirect 
observations  it  is  possible  to  assume  that  these  values  can 
considerably  exceed  Lewis's  data,  in  this  case  it  is  necessary  to 
keep  in  mind  that  the  "instantaneous"  values  of  liquid-water  content 
can  be  much  more  than  tne  vaau«s,  averaged  in  sections,  extent  into 
several  kilometers. 


In  the  literature  there  ate  communications/reports  about  the 
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recorded  values  of  the  ii4uj.1i-  Mater  content  of  supercooled  clouds  on 
the  order  of  3-5  y/m3  and  even  it  is  more.  For  example,  in  case  given 
at  the  end  of  this  chapter  01  exclusively  intense  icing  of  aircraft 
"Vanguard”  average/mean  liguiu- water  content  within  the  time  of  10-15 
min  (during  which  continued  icing)  was  approximately  3.6  g/m3. 

Over  a  number  of  years  central  aerological  observatory  carried 
out  the  collection  of  systematic  uata  about  water  content  of  clouds 
on  the  points/items  of  airctact  sounding,  located  in  different  points 
of  the  territory  of  the  Soviet  Union.  As  a  result  of  this  was 
assembled  the  vast  material  on  tnc  liquid-water  content  of 
supercooled  clouds,  which  maue  it  possible  to  obtain  sufficiently 
specific  data  about  the  irequoncy  of  the  recurrence  of  liquid-water 
content  depending  on  the  temperature  of  air.  In  the  examination  of 
the  obtained  material  cue  snould  consider  that  the  measurements  of 
liquid-water  content,  wmcu  ware  oeiny  conducted  in  the  majority  of 
the  cases  with  the  aid  ot  tne  instrument  of  ccnstruction/design  V.  A. 
Zaytsev  [7],  lasted  by  5-1U  s;  tneiefore  the  obtained  results 
approach  "instantaneous"  values  or  liquid-water  content. 

Fig.  2.1  qives  the  isopletus  of  the  recurrence  of  water  content 
of  clouds,  in  percentages  ot  overall  quantity  of  cases  (5765) 
depending  on  the  temperature  of  an.  Graph/curve  is  constructed  on 
the  basis  of  processing  data  indicated  above  and  is  related  to  the 
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conditions  of  the  European  USSB.  As  is  evident,  the  values  of 
liquid-water  content  sharply  decrease  with  a  decrease  in  the 
temperature  of  surrounding  air.  Tnus,  for  instance,  for  the  isopleth, 
which  corresponds  to  one  percent  or  the  cases,  liquid-water  content 
for  a  temperature  ranqe  rroa  -0.1  to  -5°c  is  within  the  limits  of 
0.41-0.45  g/m3,  and  at  temperatures  from  -  15.1  to  -20°c  liquid-water 
content  is  0.11-0.15  g/m3. 

Fig.  2.2  gives  the  dependence  of  the  no/c  quantiles  1  of  water 
content  of  clouds  on  the  temperature  of  surrounding  air. 

FOOTNOTE  *.  By  the  quantile  or  tae  assigned  percentage  is  understood 
such  value  of  variable  quantity  at  which  in  the  percentage  of  the 
cases  indicated  the  encountered  values  of  the  value  of  less  than 
data.  ENDFOOTNOTE. 

Let  us  examine,  for  example,  ninety-percent  quantile  which  shows  that 
into  90o/o  of  cases  for  eacu  temperature  range  of  surrounding  air  the 
observed  values  of  liquid-water  content  were  less  than  the  values, 
corresponding  to  this  curve. 

Page  41. 

So,  with  temperatures  ot  surrounding  air  in  limits  from  minus 
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0. 1  to  -5°C  into  90o/o  ol  cases  n  guid-water  content  did  not  exceed 
0.4  g/m3,  and  at  temperatures  iron  -20.1  to  -25°c  liguid-vater 
content  comprised  not  mere  man  u.  2  g/m3.  This  graph/curve  makes  it 
possible  to  refine  the  proposed  assign  conditions  of  icing  [18]. 

It  is  necessary  to  xeep  iu  turnd  that  statistical  data  on  the 
basis  of  which  are  constructed  tag.  2.1  and  2.2,  are  not,  by 
certainly  exhausting.  In  particular,  they  ate  insufficient  for  the 
clouds  of  convective  development  and  do  not  cover  the  geographical 
special  f eatures/pecul iarrties  cr  different  areas. 
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and  in  tropical  areas  tue  iiyum-water  content  can  considerably  t 

exceed  the  values  of  liguia- water  content  for  the  territories  of  the 
Soviet  Union.  ^ 

Cloud  microstr ucture . 

Ice  hazard  as  this  long  ago  is  already  veil  known  to  pilots  and 
designers,  it  appears  in  riiyut  in  the  water  clouds,  which  consist  of  , 

the  supercooled  drops  o£  water,  or  in  the  clouds  which  contain  both 
the  supercooled  drops  ana  ice  crystals  (mixed  clouds).  In  flight  in 

i 

the  clouds  which  consist  only  or  ice  crystals,  icing,  as  a  rule,  does 
not  occur. 
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Fiq.  2.2.  Dependence  of  tne  4udut1i.es  of  water  content  of  clouds  on 
the  temperature  of  surrounding  dir. 


Key:  (1).  From.  (2).  to.  (Jj  .  pantiles,  carried  out  according  to 
actual  data.  (4)  .  9  xtr  a^c^ated  guantiles.  (5)  .  Number  of  cases. 
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Actually/really,  under  normal  conditions  the  ice  crystals, 
encountering  the  cold  surra cu  at  aircraft,  slide  down  with  it  and  are 
taken  away  by  air  flow.  This  does  not  mean  at  the  same  time  that  the 
ice  crystals,  which  are  contaiueu  an  mixed  clouds,  play  no  role  in 
ice  formation  on  the  surface  or  aircraft.  For  the  author  during 
experimental  flights  it  was  necessary  in  certain  cases  to  observe  as 
the  solid  freezing  particles  easy  sprinkled  themselves  into  the  film 
of  ice,  formed  by  the  supercooled  crops  on  surface  the  top  or  another 
aircraft  component  1 . 

FOOTNOTE  this  fact  usually  is  act  considered  during  calculations  of 
deicers,  or  in  different  measurements  of  liquid-water  content  ar.d 
icing  intensity.  ENDFOCi NOTE. 

For  evaluating  that,  now  rreguently  with  icing  (and  without 
icir.q)  are  encountered  drop,  crystal  and  mixed  clouds,  is  brought 
table  2,  constructed  according  to  data  of  1.  G.  Pchelko. 

As  can  be  seen  from  tame,  on  the  average  into  4  1o/j  of 
observations  the  icing  occurred  in  purely  droplet  clouds,  into  540/0 
-  into  those  mixed  and  aitugetner  only  into  5o/o  -  in  crystal  ones. 
Depending  on  cloud  forms  tue  recurrence  of  water  and  mixed  phases  in 
clouds  with  icing  changes,  water  ynase  has  the  greatest  recurrence  in 
the  stratus  (St)  and  stracocumurus  (Sc),  altocumulus  (Ac)  clouds  of 


y 
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uniform  air  masses,  and  also  in  iron* al  ni moost rat  us  and 
stratocumulus  clouds  (Ns-Scj.  i'nose  clouds  are  characterized  j/ y  the 
considerable  probability  o-  icing.  Tne  greatest  recurrence  /t  tne 
mixed  phase  occurs  ir.  ciojus  Ns- as  (n  im  host  r  at  us ,  altosto4tus) , 
characterized  by  compa  rati  vdy  swail  probability  or  ic/nq ,  and  ir> 
clouds  Cb  (cumulonimbus),  ror  wn  icn  the  probability  icing  is  very 
great.  The  clouds,  in  uiucu  does  nut  occur  the  icJu\  j ,  in  the/ majority 
of  the  cases  are  mixed  cr  crystal.  In  this  cass^  as  can  be^seen  from 
table  2,  the  considerable  nuuioer  oi  observations  without  icing 
occurred  also  in  purely  water  clouus  (in  / /erage/meajf  22o/o)  . 


several  years  ago  during  tne  rLcghts  of  the  transport  aircraft 
through  tropical  areas  was  uxscovj/red  phenomenon  that  of  the  called 
"dry'*  icing,  i.e.,  icing  m  cr/^tai  cloud^^This  it  forced  to  focus 
attention  on  the  fact  tnat  usurer  some  conditions  during  the  design  of 


the  systems,  antiicir.g,  is  necessary  *o  consider  the  content  of 


the  crystals  of  ice  in/ clouas.  According  to  published 

commun  icat  ions/repqxf  ts  i.2jj,  the  complications  in  Clijht  through 

crystal  clouds  were  enccuat/rCa  in  thc  tropical  arcas  or  Africa  where 
occur  the  strong  displacements/movements  ot  air  masses  as  a  result,  oi 
the  great  heating  of  jbhe  ear tn/giound  .  Up  *■  c  now  there  is  not  ever: 
more  precise  information  relative  to  the  extent  of  such  clouds,  their 

liguid-water  content,  ot  si zeo/ai mension s  of  crystals.  However, 

/ 

according  to  some  data  fibj  the  maximum  concentration  of  ice  is  6 
g/m3.  and  the  maximum  size  ot  crystals  eaches  )  mm. 
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Table  2.  Recurrence  of  different  paases  of  clouds, 
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Key:  (1).  Cloud  fore.  (2).  Nueber  of  observations  with  icing.  (3). 
Recurrence  of  phases  of  clouds  in  o/o.  (4) .  Nueber  of  observations 
without  icing.  (5).  drop.  (6).  crystal.  (7).  eixed.  (S)  .  St,  Sc  and 
Ac  of  unifore  air  masses.  (9).  frontal.  (10).  all  case£.  (11). 
Average/eean  recurrence. 
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In  this  case  the  large  part  ot  the  crystals  (about  90o/o)  has  a 
size/diaension  (diameter)  less  than  150  p.  The  phenomenon  of  "dry" 
icing  was  discovered  in  rlignt  tnrough  the  apexes/vertexes  of  the 
cumulonimbus  clouds,  containing  a  large  quantity  of  crystals  of  ice. 
The  made  observations  show  taut  tne  height/altitude,  at  which  in 
essence  in  tropics  are  encountered  the  clouds,  which  contain  a  large 
quantity  of  crystals,  oscillates  from  6000  to  9000  m.  The  extent  of 
ice  clouds  can  reach  several  hundred  kilometers. 

Clouds  with  the  crystals  ot  ice  are  formed  from  those 
supercooled.  If  in  cloud  together  with  the  supercooled  drops  are 
crystals,  then  their  size/diaension  they  will  increase,  because  the 
cloud,  saturated  with  respect  to  supercooled  water,  will  be 
oversaturated  according  to  relation  to  ice  (since  the  pressure  of  the 
saturating  vapor  above  ice  is  considerably  less  than  above  water),  in 
proportion  to  an  increase  in  crystals  due  to  sublimation  on  them  of 
vapors  the  drops  will  evaporate  tor  maintaining  the  saturation  of 
air.  This  process  will  ccntinue  until  entire  cloud  becomes  purely 
crystal. 

As  noted  in  the  majority  of  observations  crystals  they  are  not 


detained  on  the  cold  surface  of  aircraft.  However,  if  its  temperature 
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higher  than  0°C  (as  a  result  01  the  work  of  anti-icing  system, 
kinetic  heating  or  other  reasons),  then  crystals,  coning  into  contact 
with  surface,  deposit  on  it,  partially  or  completely  they  melt  and 
they  can  anew  freeze. 

Another  serious  danger  consists  in  the  accumulation  of  crystals 
in  the  air  intakes  of  engines,  which  can  bring,  as  this  was  observed 
on  aircraft  "Britain",  to  tne  disruption  of  their  work. 

However,  "dry"  icing  is  rare  phenomenon.  Frequent  and  dangerous 
cases  of  aircraft  icing  are  connected  with  the  existence  of  the 
supercooled  drops. 

The  value  of  cloud  drops  is  different.  It  is  known  that  the 
drops  of  rain  can  reach  several  millimeters  in  diameter.  However, 
most  frequently  in  clouds  are  encountered  the  drops  whose  diameter  is 
10-15  p.  The  clouds  of  small  vertical  power/thickness  (laminar, 
stratoc urn ulus,  flat/plane  cumulus)  contain  smaller  in  size  drops  than 
the  nimbostratus,  cumulonimbus  ana  cumulus  congestus  clouds. 

As  showed  observations,  tne  majority  of  clouds  of  their  upper 
part  consist  of  more  major  drops,  than  of  lower. 

Coarsening/consolidation  or  drops  and  increase  in  the  liquid-water 
content  with  beight/altituae  causes  an  increase  in  the  icing 
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intensity  in  the  upper  part  of  the  cloud  layers. 

The  size/dimension  of  drops  plays  large  role  in  the 
fornation/education  of  the  torn  of  ice  outgrowth  on  wing  profile. 

Page  46. 


The  study  of  the  Bicrostructure  of  droplet  clouds,  which  was 
being  carried  out  in  TsAO  under  the  management/manual  of  A.  H. 
Brovikov,  and  also  a  number  of  foreign  investigations  (V.  Lewis  et 
al.)  nade  it  possible  to  ootain  sufficiently  vast  material  about  the 
distribution  of  drops  according  to  sizes/dimensions  in  the  clouds  of 
various  forms.  In  Soviet  worns  the  size/dimension  of  drops  in  one  or 
the  other  cloudiness  is  usually  characterized  arithmetic  mean  radius 


In  the  clouds  of  lamruar  forms  'Yp  usually  it  oscillates  from  4 
to  8  p  (in  the  majority  cr  cases  />,,  it  does  not  exceed  5  p)  .  In  the 
nimbostratus  cloudiness  or  frontal  zones  r,.p  it  reaches  sometimes 
12-13  p  and  more  [2].  Hits  a  decrease  in  the  temperature  of  air  r,.v 
of  drops  it  decreases. 

It  is  characteristic  tnat  according  to  V.  Lewis's  data  is 
observed  the  considerable  difference  in  dimensions  of  the  drops 
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between  seaside  areas  ana  teiiutocies,  distant  from  the  ocean.  In 
table  3,  given  below,  borrowea  from  the  aonograph  "physics  of  clouds" 
[  1  ],  it  is  shown  that  the  mean  radius  of  the  drops  of  the  clouds  of 
various  forss  in  the  Facmc  ocean  coast  of  the  USA  substantially 
exceeds  rrp  drops  in  the  clouds  of  continental  areas. 

Values  r,.„ ,  given  in  taole  J,  exceed  the  aean  radii  of  drops, 
measured  in  the  investigations  oy  i'sAO  above  the  territory  of  the 
Soviet  Union. 

In  foreign  works  on  the  proolem  of  icing  often  is  used  the 
concept  of  the  "mean  effective  diameter  of  drops"  (i/c, This  term 
means  that  in  the  drops  whose  diameter  is  more  than  average/mean 
effective,  is  contained  as  much  water,  as  in  drops  with  the  diameter 
smaller  than  the  average/mean  effective. 

Fig.  2.3  gives  the  yrapfi/curve,  which  illustrates  the  frequency 
of  the  cases  of  icing  at  the  different  values  of  the  mean  effective 
diameter  of  drops  Grapn/curve  is  constructed  according  to  data 

NACA  [31].  As  we  see,  into  95o/o  of  cases  the  mean  effective  diameter 
did  not  exceed  30  p,  but  its  maximum  value  attains  50  p. 

Fig.  2.4  shows  change  i/„p.c„  m  heights/altitudes  for  stratus  and 
cumulus  clouds.  Graph/cucve  is  borrowed  from  work  [38]. 
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In  contrast  to  liquid-water  content  the  size/dimension  of  drops 
plays  smaller  role  in  the  speed  of  the  increase  of  ice.  If  depending 
on  water  content  of  clouds  icing  intensity  can  change  10  times,  the 
change  in  the  sizes/dimensions  of  drops  (with  permanent  liquid-water 
content)  can  cause  intensity  cnange  3-5  times. 
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Table  3. 


01 

rcurpa^tmgcicuii  paring 


(^TilMiiiKeaHiKoe  rK)6cpe*be  CIJ1  \ 
ilpyrne  paiiOHU  CII1A 


(.^CpeAHHil  pjijhyc  Kanexb 
pa3JNHIUX  +OPM 

ofijiaicoii 

.If,  .lc 

St,  Sr 

Cu,  Cb 

9.4 

9.9 

9,8 

7.1 

M 

8,8 

Key:  (1).  Geographical  area.  (2).  Average  radius  of  drops  of  clouds 
of  various  forms.  (3) .  Pacific  Ocean  coast  of  USA.  (4) .  other  areas 
of  USA. 
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However*  the  size/dimension  of  drops  has  the  high  value  with 
determination  of  the  zone  ot  ice  accumulation  cn  profile. 


Taking  into  account  the  available  data  about  dimensions  of  drops 
in  the  clouds  of  various  forms*  it  is  expedient  in  calculation  to 
accept  the  mean  radius  of  crops  the  equal  to  8  p*  which  corresponds 
to  an  average/mean  effective  radius  of  15  p  (r,.nn4=  i.83r,.p). 


Extent  of  the  zones  of  icing. 


The  resolution  of  the  proolem  of  flight  safety  under  severe 
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weather  conditions  requires  the  value  of  the  propagation  of  the  zones 
of  icing  both  on  the  vertical  liue  and  on  horizontal. 

These  factors  have  hign  value  both  for  the  pilot  and  for  a 
designer.  Por  a  pilot  the  knowledge  of  these  zones  nalces  it  possible 
to  determine  possibility  rate  or  icing  and  thereby  its  danger.  For  a 
designer  the  knowledge  ot  tae  extent  of  the  zone  of  icing  is 
necessary  because  this  determines  the  time  of  the  determination  of 
aircraft  in  the  zone  indicated  and,  therefore,  the  time  of  the 
continuous  operation  of  de-icing  system. 

But  it  is  not  enough  to  have  representation  only  about  the 
possible  and  most  probable  propagation  of  icing.  Are  necessary  data 
about  the  vertical  and  horizontal  extent  of  the  zones  of  the  icing  of 
different  intensity  and,  in  tne  first  place,  zones  of  heavy  icing. 
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There  is  up  to  now  very  ten  published  materials  on  this 
question.  Conducted  over  a  numoer  of  years  in  GosNII  [State 
Scientific  Research  Institute J  GYP  experimental  flights  made  it 
possible  to  obtain  some  data  aoout  the  total  length  of  the  zones  of 
icing;  however,  they  were  insurticient  for  differentiation  of  zones 
according  to  the  degree  or  tnerr  intensity. 

The  great  elongation/extent  or  the  zones  of  icing  in  the 
horizontal  plane  is  measured  in  Hundreds  of  kilometers  occurs  in 
stratus  and  stratocumulus  ciouus.  in  this  case  the  extent  of  zone 
decreases  with  an  increase  in  tne  degree  of  water  content  of  clouds, 
i.e.,  zones  with  intense  icing  are  considerably  less  than  zones  with 
the  icing  of  average/mean  and  weak  intensity. 

The  regions  of  the  icing  or  large  intensity  are  encountered  in 
cumulus  clouds;  however,  the  extent  of  separate  cumulus  cloud  on 
horizontal  rarely  exceeds  20  xm.  it  is  necessary  to  consider  that  the 
aircraft  can  aeet  many  sucn  clouds  during  one  flight. 
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The  maximum  extent  of  tae  zone  of  drop  icing  on  vertical  line 
occurs  in  cuauliform  clouds  ana  it  reaches  3000-3500  a.  It  is 
necessary  to  keep  in  aiua  tnat  tae  phenomenon  of  "dry**  icing  can 
introduce  substantial  changes  into  the  numerals  indicated  toward 
their  increase4. 

FOOTNOTE  l.  In  chapter  111  in  examination  design  conditions  of  icing 
are  given  official  Englisn  data  or  the  extent  of  the  zones  of  the 
icing  of  different  intensity  (iiguid- water  content).  However,  these 
data,  obviously,  cannot  fie  acknowledged  by  completely  strict  and 
cannot  be  common  in  all  geograpnical  areas.  ENDFOOTNOTE. 

2.  Probability  of  icing  up  under  different  synoptical  conditions. 

The  probability  of  tae  icing  of  high-speed/velocity  and  "slow” 
aircraft  is  different  as  a  result  of  different  effect  on  the  icing  of 
the  kinetic  heating  of  their  coustruction/design.  However,  since  the 
kinetic  heating  of  constructiou/uesign  can  be  determined  in  each 
specific  case,  it  is  expedient  to  examine  the  probability  of  aircraft 
icing  only  on  the  basis  or  ditfereut  synoptical  conditions  without 
taking  into  account  the  riignt  speed,  i.e.,  only  in  dependence  on  the 
characteristics  of  clouds  taemselves. 

Aircraft  icing  in  syuopticai  conditions  most  completely  it  was 
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different  studied  by  Soviet  researcher  I.  G.  Pchelko.  on  the  basis  of 
data  of  sounding  the  atacspnere,  tnat  were  being  conducted  on  the 
aircraft  LI-2,  for  whicn  it  is  possible  to  virtually  disregard  the 
effect  of  kinetic  heating,  uy  it  it  was  constructed  with  'faljle  4* 

Page  49. 


From  table  it  is  evident  tnat  the  greatest  probability  of 
aircraft  icing  falls  to  rlignts  in  uniform  air  masses. 

For  high-speed  aircrart  is  ooserved  the  similar  pattern,  i.e., 
the  majority  of  the  cases  of  icing  is  connected  with  flights  under 
conditions  air-mass  stratus  auu  stratocumulus  clouds,  which  is 
obviously  explained  by  tne  predominantly  drop  structure  of  these 
clouds. 

In  clouds  Ns-As  (niaioostr atus ,  altostratus)  took  the  place  of 
altogether  only  17o/o  or  cases  or  icing. 

Certain  quantity  or  cases  of  icing  (5o/o)  was  recorded  in  cirrus 
clouds  at  high  altitudes,  out,  as  this  has  already  been  noted,  the 
microstr uctural  special  features/peculiarities  of  these  clouds  up  to 
now  still  little  studied. 
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I.  G.  Pchelko,  analyzing  statistical  data  on  the  icing  jets  in 
flights  above  the  territory  or  tue  Soviet  (Jnicn,  arrived  at  the 
conclusion  that  in  the  cola  season  6O0/0  cases  of  icing  it  falls  to 
the  heights/altitudes  less  tiian  JOUO  ra. 
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Table  4.  Quantity  of  cases  (in  o/o)  with  icing  and  without  icing 
during  flights  on  aircraft  Li.-/,  anu  under  different  synoptical 
conditions. 
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Key:  (1) .  Quantity  of  cases  into  o/o  under  the  following  synoptical 
conditions.  (2).  Number  o r  observations.  (3).  Uniform  air  masses. 

(4).  Frontal  zones.  (5).  in  coltl  front  (780  observations).  (6).  in  by 
heat  front  (750  observauous).  (7).  in  diffuse  front  (230 
observations).  (8).  in  cyclone  center  (110  observations).  (9).  with 
icing.  (10).  without  icing. 

Page  50. 

The  recurrence  of  icing  at  tae  heights/altitudes,  which  exceed 
5000  m,  sharply  decreases.  A  guantity  of  cases  of  icing  at 
height/altitude  on  the  oruer  of  8000  m  composes  only  7o/ol. 
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FOOTNOTE  *.  In  work  [  1 6  J  is.  described  the  case  of  sublimation  icing 
at  heights/altitudes  from  11000  to  5000  m,  which  was  observed  with  a 
reduction  in  the  aircraft  trom  the  height/altitude  of  16000  a.  It  is 
characteristic  that  during  the  climb  under  the  same  conditions  the 
icing  did  not  occur.  E NOFOOT NO IE. 

These  data  it  is  interesting  to  compare  with  the  results, 
obtained  by  the  author  during  special  flights  on  aircraft  with  TRD 
[turbojet  engine]  and  TVD.  Flignts  were  conducted  mainly  with  the 
purpose  of  the  tests  of  tae  de-icing  systems  of  aircraft. 
Working/treatment  of  34J  cases  or  icinq  allowed  it  will  construct  the 
graph/curve,  given  in  Fig.  z.S,  wuich  shows  the  recurrence  of  icing 
on  heights/altitudes  for  tne  ceutral  area  of  the  European  Territory 
of  the  USSR. 

As  it  follows  from  grapu/curve  by  55o/o  of  cases  of  icing  it 
proceeded  at  heights/altitudas  rrom  0  to  3000  m,  and  88o/o  of  cases  - 
at  heights/altitudes  from  0  to  oOQo  m.  These  results  are  close  to 
data,  obtained  of  I.  G.  Pcuelxo.  Tn  the  examination  of  the 
graph/curve,  given  in  Fig.  2.5  one  should  consider  that  the 
recurrence  of  the  icing  or  scneduled  flights  at  high  altitudes  will 
be  somewhat  above  since  tne  experimental  flights,  on  the  basis  of 
results  of  which  is  constructed  the  graph/curve,  were  conducted 
predominantly  at  heights/aititudes  to  5000  m  with  purpose  of  the  most 
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confident  determination  of  t ne  conditions  of  icing. 

In  the  examination  of  synoptic  situation,  it  is  necessary  for 
the  pilot  to  focus  attention  on  mat,  it  will  flight  pass  to  internal 
clouds  (in  a  homogeneous  air  mass)  or  with  the  intersection  of  the 
fronts  (heterogeneous  air  masses  connected  with  interaction)  ,  what  in 
this  case  types  of  cloudiness  can  oe  encountered  and  at  what 
height/altitude  are  found  upper  and  lower  cloud  bases. 

Some  clouds,  which  were  being  formed  as  a  result  of  different 
processes,  according  to  tueir  appearance  are  similar  between 
themselves.  This  can  lead  to  tna  incorrect  estimation  of  the 
conditions  of  icing. 
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Pig.  2.5.  Accumulated  frequency  or  the  cases  of  icing  (343  cases)  for 
different  heights/altitudes  (according  to  data  of  the  experimental 
flights  of  aircraft  with  lad  and  IVD)  . 

Key:  (1).  Accumulated  frequency  or  the  cases  of  icing  in  o/o. 

Page  51. 

For  example,  the  cuiuioniaous  clouds  and  nimbostratus  are 
characterized  by  the  varied  conditions  of  icing;  ^owever,  frequently 
these  cloud  forms  are  mixed. 

Among  pilots,  and  also  synoptics  there  is  an  opinion  that  the 
icing  appears  mainly  during  the  intersection  of  fronts. 
Actually/really,  according  to  tne  observations  of  the  pilots  of 
scheduled  flights  most  frequently  the  icing  occurs  in  frontal  zones. 
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However,  in  this  case  it  xs  necessary  to  bear  in  Bind  the 
following:  frontal  cloudiness  is  cnaracterized  by  considerable 
vertical  developaent,  in  consegu«uce  of  which  during  the  intersection 
of  the  front  of  clouds  the  pilot  always  cannot  pilot  above  clouds. 

The  clouds  of  unifora  air  aasses  nave  on  vertical  line  considerably 
saaller  extent,  which  aaxes  it  possible  for  pilot  to  fly  above  thea 
and,  therefore,  to  avoid  icing,  Therefore  the  great  nuaber  of 
coaaunications/reports  aoout  icing  falls  to  frontal  cloudiness. 

Vh  ile  conducting  ot  special  flights  for  the  investigation  of  the 

conditions  of  icing  it  was  estaolished/installed,  that  the  strong 

icxng  frequently  can  occur,  also,  in  the  clouds  of  unifora  air 

% 

aasses.  Is  explained  this  oy  tna  tact  that  the  zone  of  icing  in  the 
clouds  of  unifora  air  aass  covers  entire  supercooled  drop  region  of 
these  clouds.  Stratus  and  stratocuaulus  clouds  can  stretch  to  very 
large  areas  and  the  zone  or  icing  m  then  can  reach  1000  and  nore 
than  kiloaeters.  Therefore  flight,  in  such  clouds  can  be  prolonged  and 
rate  of  icing  will  be  considerable. 

Table  5  gives  on  the  uasis  or  observations  in  experinental 
flights  on  the  aircraft  or  il-12  and  11-14  data  about  a  quantity  of 
cases  of  the  icing  of  dirreteut  degree. 
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Table  5.  Quantity  of  cases  or  tue  aircraft  icing  of  11-12  and  11-14 
in  flight  (on  height/altituua  to  4U00  a)  depending  on  synoptic 
situation. 
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Key:  (1)  .  Synoptic  situation*. 

FOOTSOTE  *.  The  determination  or  the  scale  of  rate  of  icing  is  given 
on  page  54.  EMDFOOTNOTE. 

(2).  Quantity  of  cases  or  icing  in  o/o  with  rate  of  icing.  (3).  weak. 
(4).  by  average.  (5).  strong.  it>) .  Harm  unifora  air  mass.  (7).  Cold 
uniform  air  nass.  (8).  warm  trout.  (9).  Cold  frcnt. 

Page  52. 

From  this  Table  5  it  is  evident  that  a  great  nuaber  of  cases 
with  strong  icing  was  ocserveu  in  cold  unifora  air  nasses. 
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This,  of  course,  it  does  uot  mean  that  in  frontal  zones  it 
cannot  be  encountered  strong  rate  of  icing. 

It  should  be  noted  tnat  tuis  table,  obtained  on  coaparatively 
liaited  data  and  relating  to  aeignts/altitudes  to  4000  a,  he 
indicates  only  the  possj.oi.li.ty  or  strong  aircraft  icing  and  in  the 
clouds  of  unifora  air  aasses,  waxen  always  is  not  considered  in 
proper  aeasure  by  pilot,  however,  the  cases  of  especially  strong 
icing,  as  a  rule,  were  connected  wrth  frontal  zones. 

All  clouds  of  unifora  arr  aasses  (laainar,  stratocuaulus, 
cuauloniabus  and  cuaulus)  are  caaracterized  by  the  tact  that  in  their 
upper  part  they  have  acre  aa jor  crops  and  large  liquid-water  content, 
that  also  CBtiSCS  aore  intense  icing  in  this  part  of 

the  cloudiness.  Especially  intense  icing  can  be  in  the  cuauloniabus 
clouds.  On  the  contrary,  nraoostratus  and  altostratus  cloudiness  of 
warn  fronts  is  frequently  caaracterized  by  the  high  sizes/diaensions 
of  drops  and  by  the  hign  values  or  liquid-water  content  in  its  lower 
part  where  consequently,  and  is  observed  the  aost  intense  icing. 

With  intense  snowfall  taw  cloudiness  of  warn  fronts  is 
iapoverished  of  drop  aoisture.  rnerefore  sharply  pronounced  warn 
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fronts  with  powerf ul/t hicx  vartic<ii  cloudiness  and  heavy 
precipitation  in  the  fora  or  snow  are  not  usually  accompanied  by 
strong  icing.  The  icing  o r  large  lutensity  is  possible  in  wara-fron 
clouds  when  they  do  not  nave  too  considerable  a  vertical  developaent 
and  do  not  give  considerame  precipitation  in  the  fora  of  snow.  This 
aakes  it  necessary  to  reexamine  tue  opinion  propagated  until  this 
tiae  aaong  pilots  that  tae  zones  oc  intense  icing  in  by  heat  front 
coincide  with  its  those  sections  wuere  falls  heavy  precipitation  in 
the  fora  of  snow.  The  horizontal  extent  of  the  zone  of  icing  during 
the  intersection  of  wara  front  (m  perpendicular  direction)  can  reach 
200-4 00  ka. 

The  vertical  extent  or  tae  zone  of  icing  in  wara-fron  clouds  is 
Halted  to  the  height/aititude  or  the  transition  of  droplet  clouds 
into  crystal  or  nixed  clouds  and  can  reach  2000-2500  a  and  more. 

Icing  in  cumulonimbus  coia-tront  clouds  bears  identical 
character  with  icing  in  taw  cumulonimbus  clouds  of  uniform  air 
masses,  since  the  fundamental  dnrerence  in  structure  not  no  those 
and  other  clouds  there  are.  icing  intensity  in  the  cumulonimbus 
clouds  in  their  upper  part  can  reach  very  high  values. 


Page  53 
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3.  Degree  and  icing  intensity. 

Should  be  distinguished  rate  of  icing,  under  which  is  understood 
a  quantity  of  ice,  which  was  aelng  formed  on  aircraft  for  the  time  of 
entire  flight  under  conditions  or  icing,  from  icing  intensity,  i.e., 
from  the  speed  of  build- up/growtn  or  ice  formation.  Both  these 
concepts  is  closely  related  to  each  other. 

Rate  of  icing  is  determined  oy  the  rate  of  formation  of  ice  and 
by  the  retention  time  or  aircrart  under  conditions  of  icing.  For 
example,  if  aircraft  short-term  was  found  under  conditions  of  intense 
icing,  rate  of  icing,  i.e.,  a  quantity  of  ice,  which  was  plotted  on 

A 

the  surface  of  aircraft,  can  ne  small,  -arnd,  on  the  contrary,  in  other 
case  with  the  execution  or  tliyht  in  the  zone,  which  is  characterized 
by  weak  icing  intensity,  on  aircrart  can  be  formed  a  large  quantity 
of  ice  due  to  its  prolonged  stay  under  conditions  of  this  zone.  Thus, 
icing  intensity  yet  does  not  determine  the  quantity  of  ice,  which  is 
accumulated  on  the  external  surface  of  aircraft. 

The  surfaces  of  separate  aircraft  components  in  dissimilar 
measure  are  subjected  to  the  icing;  a  quantity  and  the  thickness  of 
ice  forming  on  them  are  different.  It  is  obvious  that  for  the 
characteristic  of  rate  of  icing  it  is  necessary  to  agree,  with 
respect  to  what  aircraft  component  it  is  estafclished/installed1. 


j 
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FOOTNOTE  l.  In  the  literature  nowever  frequently  are  given  the 
quantitative  values  of  intensity  and  rate  of  icing  without  the 
indication  of  concrete/speciric/actual  aircraft  component.  Xn  the 
majority  of  such  cases  it  is  implied  that  the  discussion  deals  with 
ice  formation  on  wing.  thDF QOTNUi*. 

The  used  concepts:  "slight  icing",  "moderated",  "strong",  under 
which  more  frequently  is  unaerstoou  rate  of  icing,  must,  obviously, 
express  to  what  extent  uangerous  these  or  other  the  conditions  of 
icing  for  this  aircraft,  different  aircraft  types  are  differently 
equipped  by  anti-icing  means.  Furthermore,  the  effect  of  icing  on 
aircraft  performance  can  snarpiy  change  with  the  same  thickness  of 
ice  outgrowth  in  dependence  on  its  form. 

Therefore,  in  order  to  determine  how  dangerous  is  icing,  it  is 
necessary  to  know:  the  effectiveness  of  the  anti-icing  protection  of 
this  aircraft,  the  intensity  or  tne  increase  of  ice,  the  temperature 
of  surrounding  air,  the  extent  of  the  zone  of  icing  and  finally  the 
form  of  the  generatrix  of  ice.  Because  of  this  to  give  the 
concrete/specif ic/actuai  scale  tne  degree  or  icing  intensity  for  all 
aircraft  types  is  difficult  anu  such  concepts  as  "weak",  "moderate" 


or  "strong"  icing,  they  near  in  practice  faster  qualitative,  than 
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quantitative  character. 

For  deteraining  the  icing  intensity  are  applied  the  special 
instruments,  based  on  durerent  principles.  In  this  case  the  icing 
intensity  frequently  measure  not  oy  the  mass  of  deposited  ice,  but 
according  to  change  the  tnicknesses  of  ice  layer  per  unit  time. 

Page  54. 

On  aircraft  for  sounding,  anu  also  in  the  series/row  of  scheduled 
flights  (for  example,  11-14,  11-Id)  sometimes  is  utilized  for  this 
purpose  the  indicator  of  icing,  which  is  the  small  profile  with 
measuring  rod,  with  the  aid  of  which  the  pilot  can  determine 
thickness  and  speed  of  the  increase  of  ice,  forming  on  indicator. 
This  method,  in  spite  of  its  low  accuracy  and  number  of  other 
deficiencies/lacks,  has  the  advantage  that  besides  the  icing 
intensity  and  thickness  or  ice  tne  pilot  can  also  determine  the  form 
of  icing,  which  has  important  value  for  the  evaluation  of  the  effect 
of  icing  on  flight  aircraft  quality/fineness  ratios. 

Fig.  2.6  gives  the  puotograpu  of  the  standard  indicator  applied 
in  test  flights  of  the  icing  GosNII  GVF ,  which  is  equipped  with 
electric  heating  for  the  periodic  removal/distance  of  ice.  In 
connection  with  this  type  of  indicator  in  Table  5  is  conditionally 
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accepted  the  following  scale  or  rate  of  icing: 

-  weak  icing  -  thickness  of  ice  on  indicator  of  less  than  15  mm; 

-  average/nean  icing  -  tmcnuess  of  ice  on  indicator  from  15  to 
30  mm ; 

-  strong  icing  -  the  tnicxness  of  ice  on  indicator  is  more  than 

30  mm. 

Vh  ile  conducting  oi  cue  tests  of  de-icing  system  it  must  be 
determined  are  the  condition  or  tue  natural  icing  which  encompass  the 
temperature  of  surrounding  air,  liguid-water  content,  size/dimension 
of  drops,  duration  of  icing,  nguia-water  content  and  size/dimension 
of  drops  can  be  united  tor  tae  aennite  flight  speed  in  one  parameter 
-  icing  intensity  which  aepenuing  on  the  coefficient  of  settling 
drops  is  different  for  the  bodies  of  various  forms,  and  which 
determines  change  per  unit  time  of  mass  or  thickness  of  the 
generatrix  of  ice. 
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Pig.  2.6.  standard  sight  maicator  of  icing  GosNII  gvf  11-18 
installed  on  aircraft. 

Page  55. 

Is  obvious,  precisely,  a  guauLity  of  ice  forming  per  unit  time 
together  with  the  temperature  or  surrounding  air  and  by  time  factor 
it  will  determine,  to  wnat  extent  are  light  or  severe  conditions  of 
the  icing,  in  which  tests  tue  de-icing  system.  The  icing  intensity  of 
standard  indicator  is  deteraineu  yy  the  following  formula:  1 

.  r  ir 

j -'r  . 

iiOm  , 

where  -  an  icing  intensity  or  indicator  in  the  mm/min; 


0  -  dimensionless  coerricieut  of  freezing 
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£  .  -  a  dimensionless  integral  local  coefficient  of  falling  of  the 

drops; 

(/^  -  true  airspeed  or  aircrart  in  the  km/h; 

H  -  water  content  of  clouds  in  g/m3; 

y.,  -  density  of  the  general -ii  of  ice  in  g/cmJ. 

FOOTNOTE  *.  It  is  not  difficult  to  see  that  formula  (2.1)  is  obtained 
frcm  formula  (1.1),  in  contrast  to  which  the  icing  intensity  is 
expressed  here  in  ram  per  minute.  hNDFOOTNOTE. 

The  geometric  dimensions  of  standard  indicator  ate  selected  in 
such  a  way  that  the  coetticieut  or  settling  drops  E  depending  on  a 
possible  change  in  the  siies/uimensions  of  drops  and  flight  speeds 
changes  within  small  limits  ana  can  be  accepted  equal  to  0.9.  The 
coefficient  of  freezing  p,  whica  is  the  ratio  of  the  mass  of  the 
generatrix  of  ice  to  the  mass  of  the  depositing  water,  as  show 
calculations  [12]  at  temperatures  of  air  below  sinus  of  5°C  in  the 
majority  of  the  cases  cnauges  insignificantly  and  is  close  to  unity 
for  the  specific  speed  ran^e.  With  especially  large  water  content  of 
clouds  and  large  flight  speeu  tue  coefficient  3  can  considerably 
differ  from  unity. 
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Ice  density  can  change  substantially;  however,  its  effect  on  the 
icing  intensity  of  indicator  is  incomparably  weaker  than  water 
content  of  clouds  whose  values  can  change  ten  times. 

For  the  exception/elimination  of  the  direct  effect  of  flight 
speed  it  is  possible  tc  introduce  the  relation: 

i  ^ 

where  J  -  the  relative  intensity  (in  am/km) ,  which  characterizes  the 
thickness  of  ice,  the  patus  forming  on  the  standard  indicator  with 
the  passage  of  unity; 

.v*  -  speed  of  the  increase  or  ice  on  standard  indicator  the 
■■/nin; 

l'„  -  true  airspeed  of  aircrart  in  kra/min. 

Pages  56-57. 

Thus,  the  parameters  or  meaium  at  the  tests  of  the  anti-icing 
system  can  be  approximately  evaluated  by  path  from  the  measurement  of 
the  temperature  of  surrounding  air,  relative  icing  intensity  and  its 
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duration. 

Processing  static  data  tor  period  from  1954  through  1962, 
obtained  GosNII  GVF  during  tne  tests  of  aircraft  under  conditions  of 
natural  icing  they  made  it  possmie  to  establish/install  the 
recurrence  of  relative  icing  intensity  at  different  temperatures  of 
surrounding  air.  Were  processed  od7  cases  of  the  icing  whose  duration 
comprised  not  less  than  5  minutes1. 

FOOTNOTE  *.  In  worki ng/traatment  and  analysis  of  material  accepted 
lots  the  engineers  V.  V.  Paziov  ana  A.  A.  Vodyanaya.  ENDFOOTNOTE. 

The  assembled  material  was  obtained  in  essence  on  aircraft  with  TRD 
and  TVD  and  partially  on  posion-enyined  aircraft. 

Fig.  2.7  gives  the  isoplet ns  of  the  recurrence  of  the  relative 
icing  intensity  of  standard  indicator  in  percentages  of  a  total 
quantity  of  cases  (887)  depending  on  the  values  of  the  temperature  of 
surrounding  air.  Data  are  related  to  the  conditions  of  icing  above 
the  territory  of  the  European  USSH  in  autumnal,  winter  and  spring 
periods  and  cover  altitude  range  to  8500  m.  As  can  be  seen  from 
graph/curve,  relative  intensity,  reaching  with  temperatures  from  -5 
to  -10°C  high  values  (on  tn«  order  of  1-1,5  m*/km)  ,  sharply  decreases 
at  temperatures  lower  tnan  -1b°C,  and,  for  example,  for  the  isopleth. 
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which  corresponds  to  lo/o  or  cases,  it  is  within  the  limits  of 
0.11-0.15  mm/km  for  a  temperature  range  from  -20.1  to  -25°C. 

It  should  be  noted  mat  tue  cnaracter  of  curves  on  graph/curve 
shows  that  the  icing  can  occur  at  very  low  temperatures  of 
surrounding  air,  apparently,  up  to  -50  -  -60°C,  that  also  is 
confirmed  by  actual  observations  in  cumulonimbus  clouds. 

Three  points  (A,  fl,  C)  separately  plotted/applied  on 
graph/curve,  correspond  to  tnree  actually  observed  cases  of  icing 
under  severe  conditions,  rioreover  point  B  is  related  to  the  case  of 
intense  icing  at  temperature  trom  -44  to  -46°C,  which  occurred  at  the 
height/altitude  of  8540  u  in  fligat  of  the  aircraft  of  11-18  above 
Atlantic  in  section  Ka f lavin-dalit ak  on  5  October,  1961. 

The  duration  of  icing  was  aoout  15  min. 

The  comparison  of  this  graph/curve  with  the  analogous  ones, 
which  relate  to  water  content  or  ciouds  (see  Fig.  2.  1) ,  shows  that 
the  character  of  curves  is  close  in  both  cases.  However,  it  is 
possible  to  assume  that  data  on  liguid-water  content  in  the  range  of 
temperatures  from  0  to  are  somewhat  understated  in  comparison 

with  the  actually  observed  values  of  icing  intensity. 
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Another  graph/curve  jr'xg.  2.  d)  illustrates  the  dependence  of  the 
quantiles  of  the  relative  icing  intensity  of  different  percentage  on 
the  temperature  of  surrcuuaing  air.  For  example,  upper  curved 
graph/curve  is  99o/o  quantile  whicn  shows  that  99o/o  of  cases  for 
each  temperature  range  ot  tne  external  of  air  the  observed  values  of 
relative  intensity  were  less  tnan  the  values,  corresponding  to  this 
curve.  So,  at  temperatures  or  surrounding  air  from  -25  to  -30°C  in 
99o/o  of  cases  of  the  value  or  relative  intensity  they  did  not  exceed 
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Pig.  2.7.  Isopleths  of  recurrence  of  relative  icing  intensity  in 


percentages  of  a  total  guautity  or  cases  (887) . 


Key:  (1).  froa.  (2).  to.  (J)  .  isopleths,  carried  out  according  to 
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actual  data.  (4).  extrapolated  isopleths. 


Page  58. 


Bithout  submerging  to  tne  detailed  analysis  o£  the  led 
graphs/curves,  let  us  note  that  tuey  for  the  first  time  establish 
connection/comaunication  oatwaan  tue  directly  measured  icing 
intensity  and  by  the  temperature  or  surrounding  air  and  they  make  it 
possible  to  propose  the  standard  conditions  under  which  oust  be 
checked  the  de-icing  system  or  aircraft.  Graphs/curves  at  the  same 
tiae  show  that  if  we  are  oriented  to  the  maximum  values  of  relative 
intensity,  natural  condition  test  of  icing  they  will  require  a  very 
large  quantity  of  flights,  taxing  into  account  small  probability  of 
encountering  the  required  conditions. 
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Pig.  2.8.  Dependence  of  tae  quantiles  of  relative  icing  intensity 
the  temperature  of  surrounding  an. 


Kay:  (1).  from.  (2).  to.  (Jj .  guautiles,  carried  out  according  to 
actual  data.  (4).  extrapolated  guantiles.  (5).  Number  of  cases. 
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One  should  also  bear  in  ai.au  that  in  spite  of  a  considerable 
nuaber  of  cases  (887) ,  this  material  it  is  related  to  the  specific 
geographical  area  and  to  tne  specitic  period  of  time  and  therefore  it 
cannot  pretend  to  the  cciupteneasiva  completeness. 

Is  of  practical  interest  cue  establishment  of  the  dependence 
between  the  icing  intensity  of  muicator  and  wing  of  aircraft. 

For  this  purpose  with  tne  execution  of  experimental  flights  on 
the  aircraft  of  11-14  were  conuacted  the  simultaneous  measurements  of 
the  thickness  of  ice  on  standard  indicator  and  it  is  direct  on 
leading  wing  edge  in  the  section,  thickness  ratio  in  which  composed 
~15o/o,  and  chord  length  J. 1  i  [  )7 j.  As  a  result  was  obtained  the 
graph/curve,  given  in  Fig.  2.J.  Measurements  were  conducted  in  12 
flights.  The  form  of  ice  in  eacu  night  sharply  was  changed,  that  the 
obtained  dependence  between  the  icing  intensity  of  indicator  and  wing 
is  valid  for  the  majority  of  tue  conditions  of  icing.  Be  will  compare 
the  obtained  experimental  data  witn  theoretical  ones. 


The  icing  intensity  of  wing  Juv  is  expressed  by  the  following 
formula: 


,  lu|j  TO. .H  1  „  ^  ^  ^ 


l.ffp.  T01  «H  Kpbl.i 


MM  HUH, 


(2.  3t 
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Key:  ( 1)  .  aa/ain. 

where  E,  .tfp.TOHK*  Kpu.U  -  diaensioaldas  integral  local  coefficient  of 
settling  near  the  critical  point  ol  wing  profile. 
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Fig  •  2.9.  Dependence  between  tne  icing  intensity  of  wing  and  standard 
indicator. 

Key:  (1).  Thickness  of  ice  on  wing  in  mu.  (2).  Thickness  of  ice  on 
indicator  in  an. 

Page  60. 

Fig.  2.10  gives  theoretical  aependence  kp.tohkh i.pu.m  and 

vKa  ia re.iflr  on  the  Dean  radius  of  drops  'Vp  for  speed  270  ka/h.  If 
we  disregard/neglect  changes  in  the  coefficient  of  freezing  for  the 
wing  and  the  indicator,  waicn  undergo  icing  under  identical 
conditions,  then  will  be  valid  the  relation: 

J  t.p  ^  lO’ll.l  M'U  ':l 

'  '  h.  I.up.  I  O'titll  >■’»•!  M  t*-' 

accepting  r.t,~-rt  p  (as  tne  aost  frequently  encountered 
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size/dimension  of  drop's)  and  using  graph/curve  in  Fig.  2.  10,  we  will 
obtain 

0.52. 


Let  us  turn  again  tc  Fig.  2. 9,  from  which  it  is  evident  that 
until  ice  outgrowth  substantially  uistorts  form  and  geometric 
dimensions  of  indicator,  tn«s  relation  to  the  icing  intensity  of  wing 
to  the  icing  intensity  of  lnuicdto:  does  not  exceed  the  limits  of 
0.46-0.48.  This  testifies  aoout  tne  satisfactory  convergence  of 
experimental  data  with  theoretical  ones,  certain  scatter  of  points  on 
graph/curve  is  explained  mainly  oy  oscillaticns/vibrations  in  value 
rc p,  and  also  by  errors  or  onser  vation . 

With  large  thicknesses  of  ice  the  given  dependence  between  the 
icing  intensity  of  wing  anu  indicator  no  longer  follows  theory,  since 
wing  profile  and  profile  of  indicator  cease  to  be  by  the  easily 
streamlined  bodies,  and  calculations  to  them  in  this  case  are  not 
applied.  An  insufficient  guautity  of  points  and  their  considerable 
scatter  does  not  make  it  possioie  to  confidently  conduct  curve 
with  the  thickness  of  ice  of  more  than  60  mm. 

In  experimental  fligats  oesiaes  visual  observations  of  the 
increase  of  ice  on  wing  aud  standard  indicator  was  conducted 
continuous  recording  (tape  recording)  of  the  icing  intensity  of  a 
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rotating  cylinder,  which  was  tne  receiving  part  of  the  special 
instrument  -  the  aircrart  meter  01  icing  (SIO)  .  The  speed  of  the 
increase  of  ice  for  the  rotating  round  cylinder  is  expressed  as 
follows: 

I  (2.4) 

where  7U  -  an  icing  intensity  cr  cylinder  the  mm/min; 

£„  -  integral  complete  coefncient  of  settling. 
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Pig.  2.10.  Dependence  of  cna  integral  local  coefficients  of  settling 
for  a  wing  and  an  indicator  on  tne  mean  radius  or  drops. 


Key:  (1).  M- 


Page  61. 


Simultaneous  measurement  in  me  flights  of  values  M  and 

sizes/dimensions  of  drops  (mat  uaae  it  possible  to  calculate  the 
coefficient  of  settling  /'„ i  it  came  to  1  igh t /de tect ed/e xposed  the 
conformity  of  findings  with  theoretical  ones,  and  also  the 
satisfactoriness  of  the  applied  methods  for  measuring  of  liguid-water 
content  and  cloud  micr cstructuce.  certain  disagreement  of  the 
measured  icing  intensity  or  cylinder  with  that  calculated  should  be 
related  mainly  due  to  the  assumption  of  the  permanent  density  of  ice. 
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In  the  literature  is  given  tne  most  varied  information  about  a 
maximally  possible  icing  intensity.  Frequently  in  old  prewar  sources 
it  is  possible  to  meet  the  numeral  of  25  mm/min,  true,  given  without 
the  indication  of  that,  to  wnat  aircraft  component  it  is  related. 

In  order  to  determine,  wmcu  m  actuality  possible  maximum  icing 
intensity,  let  us  turn  anew  to  data  about  the  liquid-water  content  of 
supercooled  clouds  and  let  us  produce  the  calculation  of  the  rate  of 
formation  of  ice  according  to  formula  (2.3).  In  this  case,  taking 
into  account  that  with  large  liguia-water  content  and  insufficient  to 
the  low  temperature  of  air  freeze  will  all  depositing  on  profile 
water  (coefficient  of  freezing  p<l),  let  us  explain  the  maximum 
values  of  water  content  of  ciouus  at  temperature  of  air  below  minus 
of  15°C. 

From  graph/curve  in  Fig.  z.2  it  is  evident  that  at  the 
temperature  indicated  in  99o/o  or  cases  the  liquid-water  content  does 
not  exceed  0,5  g/m-*.  However,  tais  does  not  eliminate  the  much  larger 
values  of  water  content  of  ciouus.  In  all  known  to  the  author 
measurements  (discussion  deals  witu  direct  measurements  with  the  aid 
of  instruments),  water  content  of  clouds  at  temperatures  of  air  of 
lower  than  -15°C  did  net  exceed  2  g/mJ  (this  value  is  not  by  the 
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"instantaneous",  but  average  roc  a  period  into  several  minutes) 


Let  us  determine  the  intensity  of  the  wing  of  aircraft, 

which  flies  with  true  airspeed  60u  km/h.  The  integral  coefficient  of 
settling  drops  near  the  critical  point  of  wing  profile  with  chord  3-5 
m  can  be  accepted,  as  this  ronows  from  graph/curve  in  Fig.  1.16 
equal  to  0.7.  Water  content  or  clouds  let  us  accept  2  g/m3  and 
densities  of  ice  0.8  g/cm3. 


Then 


,  0,7-600-2 

—  —  17,5  .«.«  MUH. 
Kp  60  0,8 


Key:  (1).  ma/min, 


As  we  see  the  obtained  result  so  already  it  is  not  distant  from 
the  numeral  of  25  ma/ain,  given  in  prewar  literature.  One  should, 
true,  note  that  the  coefficient  of  freezing  8  for  given  speed  and 
liquid-water  content  will  oe  at  temperature  of  -15°C  substantial  less 
than  unity  which  will  lower  tne  varue  of  intensity. 


Page  62. 


The  given  elementary  calculation  is  shown,  how  high  a  rates  of 
formation  of  ice  can  be  encountered  in  nature1. 


'"V** 
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FOOTNOTE  For  the  author  in  numerous  experimental  flights  it  was 
repeatedly  necessary  tc  iix/record  the  intensity  of  icing  (on 
standard  index)  on  the  cider  or  x-J  mm/min,  and  only  twice  it  was 
possible  to  observe  in  cumuionimous  cloudiness  the  intensity  which 
was  6-7  mm/min,  that  was  evaluated  as  especially  severe  conditions  of 
icing.  However,  in  the  case  with  aircraft  "Vangard",  to  which  already 
they  referred  and  which  is  descnoed  at  the  end  of  this  chapter  the 
icing  intensity  of  wing  it  reached,  apparently,  not  less  than  25 
mm/min.  ENDFOOTNOTE. 

4.  Forms  of  icing. 

Up  to  now  is  absent  the  conventional  classification  of  the  forms 
of  icing.  The  difficulties  or  development  by  clear,  simple,  and  at 
the  same  time  sufficient  precise  and  detailed  classification  will 
become  clear,  if  we  rememuer  entire  diversity  of  the  factors  on  which 
depends  the  f or mation/education  of  one  or  the  other  form  of  ice. 

Was  proposed  several  different  classifications,  but  they  in 
majority  their  either  are  too  complicated  for  practical  targets  or 
they  were  based  on  any  si  jn/cntenon  and  do  not  cover  all 
characteristic  features  or  one  or  the  other  form  of  icing.  The  forms 
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of  icing  should  be  distinguisued  oy  the  conditions  for  their 
foraa tion/education,  the  rorm  of  ice  and  by  its  distribution  on  the 
wing  profile  of  aircraft. 

The  observations,  wade  oy  tae  author  with  the  execution  cf 
numerous  flights  under  coaaiuons  of  icing  on  different  aircraft 
types,  made  it  possible  to  astaonsh/instal  1  [21]  that  different 
forms  of  the  icing  encountered  rn  practice  can  be  brought  to  the 
following  two  bases  whose  emergence  is  connected  with  the  presence  in 
the  atmosphere  of  the  supercooled  water  drops. 

The  icing  of  the  first  rorm  is  formed  in  the  medium,  which 
contains  the  sufficiently  major  supercooled  drops.  This  the  form  of 
ice  they  call  sometimes  "pur e/creau" ,  "glassy",  and  also 
"transparent",  which  is  not  entirely  accurate,  since  more  freguently 
is  formed  semitransparent  rce.  dy  the  characteristic  feature  of  this 
form  of  icing  is  the  considerauie  propagation  of  ice  crust  along  the 
airfoil  chord  of  the  wing  or  aircraft,  i.e.,  the  large  width  cf 
capture  ice  of  profile,  in  thrs  case  directly  on  quite  leading  edge 
is  formed  the  uneven  ice  outgrowtn,  in  form  which  reminds  the  flat 
trough  whose  edge  they  are  direetad  at  certain  angle  toward  the 
incident  airflow  (Fig.  d.llj.  In  the  sections  of  profile,  distant 
from  leading  edge,  appears  the  tmnner  layer  of  rough,  uneven  ice, 
that  is  spread  at  a  distance  ot  20U-300  mm  and  more  along  chord. 
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Ice  accumulation  on  large  wrath  and  emergence  of  U-shapad"  ice 
outgrowth  can  be  explained  as  follows. 

As  was  shown,  major  drops  are  little  def lected/diverted  by  the 
airflow  which  flows  around  aoout  tae  body  and  because  of  this  deposit 
on  larger  in  width  the  section  or  surface,  than  small/fine  drops. 
However,  besides  in  addition  to  tms  large  role  it  plays  the 
spreading  of  drops  on  boay  surtace.  The  process  of  the  freezing  of 
major  drops  is  accompanied  oy  tne  liberation  of  a  considerable 
quantity  of  latent  heat  or  rusion.  If  in  this  case  the  temperature  of 
air  too  not  low  and  heat  excnange  with  the  environment  occurs  then 
not  rapidly,  drops  will  freeze  not  immediately.  Deposited  on  the  wing 
surface,  major  drop  under  tne  action  of  airflcw  before  freezing  will 
spread  or.  certain  surface,  however,  small/fine  drop  is  displaced 
insignificantly,  and  it  freezes  almost  instantly.  "The  spreading  of 
major  drops  and  their  freezing  at  certain  distance  from  leading  edge 
it  will  cause  with  the  execution  of  the  flight  of  aircraft  in  the 
nedium  where  predominate  major  urops,  more  intense  increase  of  ice  on 
the  edges  of  profile,  that  also  will  lead  to  the  emergence  of 
characteristic  "U-shaped"  ice  outgrowth. 

Sometimes  is  explained  tne  tormation/education  of  this  form  of 


mm 


m 
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ice  outgrowth  by  the  effect  or  t he  kinetic  heating  of  the  wing 
surface  and  by  the  positive  temperature  in  the  zone  of  its  leading 
edge.  In  this  case  of  drop  (lar ge/coarse  and  small/fine)  they  will 
flow  on  upper  and  over  pressure  siue  of  profile  into  the  sections  of 
wing  tore  distant  from  leading  edge  with  ainus  temperature,  on  which 
will  occur  their  freezing.  However,  this  does  not  explain  the 
emergence  of  the  "U-shaped"  rorm  or  ice  in  flight  at  speeds  200-300 
km/h,  when  heating  the  wmg  surrace  virtually  can  be 
disregarded/neglected  (witn  sufficiently  low  temperature  of 
surrounding  air)  . 

Color  and  specific  weignt  of  ice  is  determined  by  the  conditions 
for  its  formation/education.  Ine  spreading  cf  drops  it  leads  to  the 
fact  that  with  freezing  between  separate  drops  barely  remains  air 
bubbles.  Because  of  this  is  formed  dense  semitransparent  ice,  which 
possesses  the  greatest  coaesive  rorce  with  the  surface  of  aircraft. 
The  specific  weight  of  this  ice  -  0.6-0. 9  g/cm3. 

Thus  the  formation/education  of  the  first  form  of  icing  must 
occur  with  the  specific  reiatiousmp  of  the  temperature  of  the 
external  air  and  temperature  ot  tne  surface  of  aircraft  and  with 
predominance  in  air  of  the  sufficiently  majof  supercooled  drops 
(practice  confirms  this).  The  described  form  of  icing  most  strongly 
affects  a  change  in  the  aerodynamic  characteristics  of  aircraft. 


DOC  =  79116203 


Plot; 


(*> 


[_  iud 


I 


Fig.  2.11.  Schematic  diagram  of  two  basic  forms  of  icing. 

Key :  ( 1)  .  form. 

Page  64. 

The  icing  of  the  second  rorm  appears  in  flight  in  the  clouds, 
which  contain  the  small/iine  supercooled  drops,  or  the  mixture  of 
small/fine  drops  and  ice  crystals.  This  form  of  icing  is  called 
sometimes  "mixed",  and  also  "opagut"  or  "dull",  which  is  not  also 
entirely  accurate,  since  its  color  can  be  different. 

The  form  of  icing  indicated  is  formed  in  entire  temperature 
range  of  icing  and  sufficiently  solidly  it  floats  of  aircraft. 
Sometimes  in  this  case  icing  nas  outwardly  well  expressed  crystalline 
structure  and  then  it  is  called  "rime"  or  "crystal"  ice.  (One  ought 
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not  to  forget  that  the  internal  structure  of  ice  on  ail  forms  of 
icing  is  always  crystal,  anu,  if  speak  "amorphous"  ice  or  "crystal", 
then  in  this  case  they  near  in  rnina  only  its  appearance). 

The  char acter istic  feature  or  the  second  form  of  icing  is  ice 
accumulation  in  a  comparatively  narrow  section  of  the  wing  leading 
edge,  near  its  leading  eage.  iu  tuis  case  ice  outgrowth  in  the 
majority  of  the  cases  at  first  aas  tapered  form.  Opacity  and 
considerably  smaller  specific  weigat  of  ice  (0.2-0. 6  g/cm3)  are 
explained  by  the  fact  tnac  tae  smail/fine  drops  rapidly  freeze, 
barely  spreading  over  tne  wing  surface,  retaining  the  form  of 
balls/spheres,  in  conseguence  or  wnich  this  form  of  icing  contains 
many  smallest  air  bubbles,  i'ne  presence  in  cloud  of  the  ice  crystals, 
which  fall  to  the  wing  surface  together  with  the  supercooled  drops, 
contributes  to  the  almost  instantaneous  freezing  of  the  latter. 

Prom  those  examinee  or  two  evidently  icing  the  first  form  is 
large  danger  for  an  aircraft,  is  encountered  it  less  often  than  a 
second.  Freguently  occurs  intermediate  type  icing,  which  approaches 
either  the  first  or  the  second  fora. 

In  special  flights  on  tae  aircraft  of  11-14  (total  number  of 
observations  -  93)  the  icing  or  tne  first  form  appeared  into  12.9o/o 
of  cases,  second  form  -  luto  b4.ao/o  and  intermediate  type  icing  - 
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into  32.3o/o.  According  to  tne  statistical  data  about  the  icing  jets, 
obtained  from  crews,  ice  or  tae  nrst  form  is  encountered 
approxinately  into  30o/o  or  cases. 

Besides  two  forms  or  "arop"  icing,  known  also  icing  in  the  form 
of  hoarfrost,  i.e.,  the  light  finely  crystalline  coating,  which 
appears  as  a  result  of  wdtei  vapor  sublimation.  The 
foraation/educat ion  of  hoditrost  on  surface  in  flight  is  usually 
insignificant  according  to  its  sizes/dimensions.  But  it  is  necessary 
to  remember  that  the  hcarfrost,  wn^ch  was  being  formed  on  the  surface 
of  aircraft  during  its  stanaing  on  the  earth/ground  is  serious 
danger.  If  we  the  deposit  or  hoarrrost  do  not  remove  from  the  surface 
before  the  takeoff,  then  they  can  lead  to  serious  consequences  in 
flight. 

Fig.  2.11-2.14  gives  diagrammatic  representations  of  two  basic 
forms  of  icing,  and  also  pnotograpning  of  ice  outgrowths. 


Ill 
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Pig.  2.12.  Tee  accumulation,  cicse  to  first  form  of  icing  on  sight 
indicator,  established/mstaiied  on  aircraft  cf  11-12. 


Pig.  2.13.  Ice  outgrowtn,  spirt  o it  from  wing  leading  edge. 


Fig.  2.14.  ice  outgrowtn,  sprit  ofr  from  thin  profile  (icing  of  first 
form)  . 


Page  66. 


5.  Short  descriptions  of  separate  ilights  under  conditions  of  icing. 


Is  of  practical  interest  tne  description  of  several  examples  of 
aircraft  icing  which  was  ooserved  in  experimental  ones,  and  also  in 
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usual,  scheduled  flights. 

Example  1.  17  April  1*oa  aircraft  Tr-104  during  the  execution  of 
experimental  flight  in  area  g.  Novosibirsk  it  met  the  icing  of  large 
intensity.  The  target  or  rligat  consisted  in  testing  of  the  de-icing 
systea  of  aircraft.  Synoptic  situation  is  represented  in  Fig.  2.15. 
Flight  was  conducted  in  cuauloniaous  cloudiness  of  secondary  cold 
front  at  the  height/altituue  or  IduO  m  at  temperature  of  surrounding 
air  from  -5  to  -6°C.  The  s^eed  or  aircraft  according  to  instrument 
was  400  km/h. 
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Pig.  2.15.  Synoptic  of  situation  in  15  hours  cr.  17  April,  1958. 


Key:  (1).  Krasnoyarsk,  (c)  .  tfo vosiuirsk .  (3).  Pavlodar.  (4). 

Se nipalatinsk .  (5) .  Conventional  assignations.  (6) .  Cold  front.  (7) . 

occluded  front.  (8).  lew  pressure.  (9).  increase  in  pressure.  (10). 
snow  shower.  (11).  rain.  (1i).  pressure  drop.  (13).  Secondary  cold 
front . 
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For  a  while  in  the  beginning  of  flight  icing  intensity  on 
standard  indicator  oscialateu  in  tne  limits  of  1.5-2.  5  mm/min,  but 
then  sharply  increased  and  it  acuieved  6  mm/min  (for  three  minutes 
the  thickness  of  ice  on  indicator  increased  by  18  nun)  .  Under  these 
conditions  on  unheated  airciart  components  was  observed  the  rapid 
increase  of  ice.  On  the  leaning  euges  of  wing  and  tail  units  in  the 
connected  de-icing  system  ice  was  not  formed.  At  the  same  time  as  a 
result  of  the  runoff  of  tne  drors  of  moisture  from  entering  edge  on 
profile  on  it  beyond  the  limit  ci  the  warmed  zone  was  formed 
so-called  "barrier  ice".  Foi  outcrop  from  the  zone  of  icing  the  speed 
was  increased  to  650  km/h.  At  tms  spet-d  ice  descended  with  all 
aircraft  components  during  z  am. 

Example  2.  The  same  aircralt  of  Tu-104  on  21  April,  1958, 
with  the  execution  of  expeiimentax  flight,  intersecting  occluded 
front  (Fig.  2.16),  met  icmg  in  intensity  more  than  7  mm/min.  In  the 
zone  of  occluded  front  it  was  onseLved  the  development  of 
cumulonimbus  cloudiness  ana  cioudoursts  with  thunderstorms. 
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Fig.  2.16.  Synoptic  situation  in  1  u  hours  on  21  April, 

Key:  (1).  Smolensk.  (2).  Moscow.  (3)  .  Vitebsk.  (4).  Mi 
Conventional  designations,  {oj  .  now-movement  front.  (7 


19*38. 


nsk.  (5 
)  .  warm 
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occluded  front.  (8).  lew  pressure.  (9).  shower  precipitation.  (10). 
incidence/dro p  in  pressure.  (11)/  warm  secondary  front.  (12). 
fog/mist.  (13).  thunderstorm.  (14).  cold  front.  (15).  secondary  coll 
front. 
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To  west  from  Minsk  was  arraug ed/located  the  section  of  warm 
front  and  the  low-pressure  trougu  connected  with  it  which  caused 
cloudy  weather  with  widespread  rain. 


The  contrast  of  the  temperature  of  air  masses,  divided  by 
occluded  front,  composed  j>°c  or  odd  m,  J°C  -  on  1500  m,  but  at  high® 
levels,  it  is  more  than  juuu  m,  occluded  froid  in  temperature  field 
it  was  no*  outlined. 


*fh  e  zero  isotherm  was  arranged/ located,  approximately/exe mplarily 
between  500  and  1000  m,  but  at  rue  height/aititude  of  3000  m  the 
temperature  of  air  readier  trorn  -9  to  -11°C;  therefore  at 
heights/altitudes  from  ouu  to  Judo  m  in  the  layer  of  cloudiness  of 
this  front  it  was  possible  to  expect  intense  icing  and  bumping  of 
aircraft. 


Plight  was  conducted  at  tae  neig hts/altit udes  of  2000-2400  m. 
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with  indicated  airspeed  400  Km/n,  at  temperature  of  surrounding  air 
from  -8  to  -11°C  with  constantly  connected  deicer  of  aircraft  and 
engine. 

At  first  icing  intensity  in  tne  average  was  2  mm/min,  in  this 
case  the  aircraft  periodically  entered  into  cloudiness  and  left  it. 
\lnder  these  conditions  was  onserveu  the  flowing  in  of  moisture  and 
ice  formation  in  the  unneated  sections  of  keel  and  stabilizer,  and 
also  on  the  external  surface  or  tne  air  intakes  of  engines.  Ice  was 
formed  also  on  the  nose/leaaing  eage  of  the  air  intake  left-side 
engine  which  did  not  have  tne  intensive  heating.  Wing  remained  free 
from  ice. 

After  10  min  of  fliynt  in  tne  cumulonimbus  cloudiness  the  icing 
intensity  sharply  rose.  Arte r  i  mu  of  flight  the  thickness  of  ice  on 
indicator  increased  by  n  mm,  i.e.,  icing  intensity  for  this  time 
interval  achieved  7.3  mm/min.  Tne  temperature  of  surrounding  air 
composed  -11°C.  Flight  speeu  was  increased  to  600  km/h  according  to 
instrument;  however,  ice  on  some  surfaces  of  aircraft  remained  up  to 
outcrop  from  the  zone  of  icing.  Further  with  the  set  of  aircraft 
altitude  left  the  cloudiness,  alter  which  ice  was  distant  from  all 
aircraft  components  and  engine. 

After  fitting/landing  witn  inspection  were  discovered  the 
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considerable  damages  of  two  brades  of  input  guide  ring  and  four 
blades  of  the  first  ccmftessor  stage  on  the  engine  which  was  not 
equipped  by  the  iaproveu  de-icing  system.  These  damages  were  the 
consequence  of  the  i nci deuce/im pi ngement  of  ice  into  engine*. 

FOOTNOTE  *.  On  the  basis  or  tae  results  of  these  tests  the  de-icing 
system  of  power  plants  was  improved  on  all  aircraft  of  Tu-104. 
ENDFOOTNOTE. 

Example  3.  On  24  April,  19t>0,  was  conducted  experimental 
flight  on  the  aircraft  of  A11-I0  in  area,  situated  on  200-300  km  more 
northeastern  than  the  Permian  period.  Flying  area  was  located  on  the 
periphery  of  vast  cyclone  near  tne  occluded  front  (according  to  the 
type  of  warm  front),  whicn  divided  the  masses  of  more  warm  and  colder 
continental  air  (Fig.  2.17). 

Page  69. 

In  warm  air  mass  was  observed  altocumulus  and  featherlike  cloudiness, 
in  cold  -  stratocumulus  and  rain,  in  places  fell  snow.  Fall  under 
conditions  of  icing,  in  esseuce,  it  was  carried  out  in  the  third  (of 
four  levels)  from  the  eartn's  surrace  clcud  layer.  The  clouds  were 
optically  dense,  but  their  structure  was  mixed,  in  them  snow  fall. 

The  power/thickness  of  clouus  on  all  four  levels  was  small,  as  a 
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rule,  it  did  not  exceed  zdd  m.  icing  intensity  oscillated  from  0  to 

1.6  ma/min. 

Fig.  2.18  gives  the  grapn/curve  of  a  change  in  the  icing 
intensity  J  and  thickness  or  ice  L  in  the  standard  indicator  of 
icing,  used  in  test  fliguts  ia  uosNLL  GVF  (see  Fig.  2.6).  The 
thickness  of  ice  on  indicator  is  measured  with  the  aid  of  dowel  with 
divisions,  and  icing  intensity  is  calculated  as  the  increase  in  the 
thickness  of  ice,  in  reference  to  time  (AL/At  mm/min) corresponding  to 
gap/interval. 

Aircraft  entered  into  the  zone  of  icing  at  the  height/altitude 
of  3500  m  with  the  switched  orf  deicers  of  wing  and  tail  assembly. 

The  temperature  of  surrcuuuing  air  composed  minus  of  8°C;  indicated 
airspeed  -  450  ka/h. 
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Fig.  2.17.  Synoptic  situation  on  <;**  April,  1960. 

Key:  (1).  Permian  period.  .  Sverdlovsk.  (3).  It  is  Aktyubinsk. 
(4).  Kuybyshev.  (5).  Kustanay,  (o)  .  Conventional  designations.  (7) 
Ion  pressure.  (8) .  low-mooility  rront.  (^) .  occluded  front. 
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It  is  characteristic  that  in  tnis  flight  were  formed  ice,  close  to 
the  first  form  (semitransparent  uneven  with  the  large  width  cf 
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deposit  along  profile  -  tig.  2.19).  This  i mmediatel y  affected  a 
decrease  in  the  velocity  or  re  vex  rlight.  With  the  thickness  of  ice 
on  indicator  of  approximately  20  mui  indicated  airspeed  (during  the 
constant/invariable  mode  of  operation  of  engines)  fell  by 
approxiaateiy  40  kra/h. 

Example  4.  In  flignt  on  20  April,  1960,  the  aircraft  of  An-10 
aet  the  conditions  of  icing  in  Pet. ok  o  ^>os.V  area  in  the  environs  of 
Lenin  grad. 

Flying  area  was  located  on  tae  northwestern  periphery  of  small 
cyclone  in  the  zone  cf  occluded  rront  (Fig.  2.20) .  In  flight  was 
observed  multilayer  cloudiness  stratocumul us  and  altocumulus;  in 
majority  its  it  had  the  mixed  structure,  from  did  not  fall  the  snow. 
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Fig.  2. 18.  Diagram  of  icing  intensity  and  curve  of  the  dependence  of 
the  thickness  of  ice,  constructed  according  to  data  of  indicator  in 
flight  on  24  April,  I960. 

Key:  (1).  ma/nin.  (2).  am  hour,  ti) .  tine. 


Fig.  2.19.  Ice  accunulat ion  ru  section  of  wing  between  fuselage  and 
second  engine. 
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tb  flight  under  conditions  or  icing  is  passed  at  the  height/altitude 
of  3000  m,  at  indicated  airspeed  450-380  km/h  and  temperature  of 
surrounding  air  from  -10  to  -11°>_.  Icing  intensity  on  indicator 
maximally  reached  3  mm/ain  (Fig.  ^.21).  The  time  of  the  continuous 
determination  of  aircraft  under  conditions  of  icing  in  intensity  2 
mm/min  and  was  more  10  min.  ice  was  formed  intermediate  form,  closer 
to  the  first  form. 

All  deicers  were  connected  prior  to  the  entrance  into 
cloudiness.  In  spite  of  tuis,  occurred  considerable  ice  formation  on 
the  tail  assembly  and  tne  air  intakes  of  engines1. 

FOOTNOTE  *.  On  aircraft  tested  one  of  the  versions  of  experimental 
de-icing  system.  Series-produced  deicing  system, 

established/installed  on  tne  aircraft  An-10,  is  distinguished  by  high 
effectiveness  and  provides  protection  from  icing  under  the  assigned 
conditions. 

Flow  of  moisture  from  the  heated  sections  of  the  noses  of  the  tail 
unit  and  the  air  intakes  of  the  engines  and  the  formation  of 
barrier  ice  were  also  observed,  during  the  operation  of  the 
de-icers . 
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2.20.  Synoptic  situation  on  25  April,  1960. 


Key:  (1).  Petrozavodsk.  (2).  Stocunolm.  (3).  Leningrad.  (4). 
Kaliningrad.  (S)  .  Voroneza.  loj.  conventional  designations.  (7) 
pressure.  (8)  .  cold  front.  (9)  .  row-mobility  front. 
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After  20  min  of  flignt  under  conditions  of  icing  with  the 
working  de-icing  system  tie  spaea  of  aircraft  decreased  by  50-60 
kra/h,  which  required  for  retaiuing/preserving/m aintaining  the  speed 
transition  to  higher  engine  power  rating  (on  15°  on  control  lever  of 
the  fuel  consumption) . 

Example  of  5.  Experimental  night,  carried  out  on  9  May,  1961, 
on  the  aircraft  of  Tu-104,  in  period  with  16  hours  of  35  min  to  19 
hour  of  35  min  on  route  Moscow  -  Sverdlovsk,  passed  within  the 
cyclone  which  had  two  centers  (fig.  2.22).  One  center  of  this  cyclone 
15  hours  was  arranged/ located  in  area  Moscow  and,  ate.  -  in  area  g. 
of  Kazan.  Prom  the  center,  located  in  area  of  Kazan,  southwards  is 
passed  secondary  cold  freut,  auu  to  the  southeast  -  occluded  front. 

In  different  places  of  cyclone  was  noted  shower  precipitation.  The 
considerable  region  of  precipitation  was  arranged/located  before  the 
occluded  front,  and  frontal  cloudiness  reached  Sverdlovsk.  21  Hours 
both  cyclone  centers  merged  into  one,  and  the  occluded  front  and  its 
region  of  precipitation  and  cloudiness  they  were  displaced  to  the 


northeast. 
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Thus,  flight  consiaecaoia  time  passed  under  conditions  of 
occluded  front. 

Icing  was  encountered  Id  nouts  of  17  min  in  area  of  Yanaul  in 
cirrus  clouds  at  the  heiynt/artituae  of  7700  m  at  temperature  of 
surrounding  air  from  -32  to  -35°  c.  The  speed  of  aircraft  according 
to  instrument  was  550  km/u. 


£0 

Pig.  2.21.  Icing  intensity  ana  mcitness  of  ice  on  standard  indicator 
in  flight  on  25  April,  I5o0. 


Key:  (1).  nn/rain.  (2).  use.  (i).  nour. 
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the  conventional  designations. 


m  -  low  pressure. 


-  occluded  front. 


rr  -  drop  of  pressure. 


n  -  thunderstorm. 


-  cloud  of  different  torus. 


V  -  shower  precipitation. 


Pig.  2.22.  synoptic  situation  on  9  Play,  196 


a)  for  15  hours;  b)  for  21  hours. 
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Key:  (1).  Moscow.  (2).  ^veullovsn,  (3)  .  Omsk. 

Page  74. 

Icing  was  short-term  2-J  min  witn  intensity  of  0.  2-0.  3  mm/rain.  Ice  in 
the  form  of  white  dense  coating.  Subsequently  the  flight  was 
conducted  at  the  heights/aititudes  of  7500-6200  m  and  at  indicated 
airspeed  410-450  km/h. 

For  a  second  time  aircraft  nit  the  zone  cf  icing  at  the 
haight/altitude  of  6500  m  at  temperature  of  surrounding  air  -23°  C  in 
altocumulus  clouds.  The  duration  or  icing  was  even  shorter-term  and 
it  composed  only  of  30  s. 

However,  icing  intensity  reacned  6-7  mm/min  (on  indicator  was 
formed  ice  with  a  thickness  --a  of  mm). 

The  examined  case  is  interesting  that  this  icing  occurred  at 
high  altitudes  in  cirrus  crouds  ana  at  very  lew  temperatures  of 
surrounding  air. 

Example  of  6.  On  5  October,  1961,  in  flight  tnrougn  Atlantic 
Ocean  in  the  section  of  Ketlavix  -  Halifax  the  aircraft  of  11-18 


underwent  prolonged  intense  icing  at  the  he ig ht/alt it uda  of 
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approximately/exemplariiy  ubdd  a  at  very  low  temperature  ot 
surrounding  air  from  -44  to  -4o°  c.  True  flight  speed  was  t>00-620 
ka/h.  For  15-18  minutes  cr  continuous  icing  on  wing  was  formed  ice  in 
thickness  approximately  50  mm. 

The  analysis  of  suriace  (Fig.  2.2J)  and  high-altitude  (Fig. 

2. 24)  weather  map  shows  tnat  tne  ^cing  occurred  into  that 
moraent/torque  when  aircraft  entered  into  the  upper  part  of  the 
cumulonimbus  cloud,  which  was  oeing  formed  in  the  zone  of  cold  front. 
This  was  on  the  anticyclcmc  sine  ot  the  jet  stream  where  in  this 
case  they  were  observed  bo tn  lateral  horizontal  wind  shears  and  wind 
shears  along  flow.  The  speed  ot  bead  wind  reached  180  km/h. 

Icing  intensity  in  recalculation  on  the  indicator  of  icing  was 
5-6  mm/rnin.  In  this  case  average/utean  water  content  of  clouds  reached 
approximately  0.5  g/m3. 

Example  7.  On  6  October,  lygl,  passenger  turboprop  aircraft 
"Vanguard"  of  English  company  Vt A,  Madrid  completed  voyage  -  London, 
underwent  during  Lhe  climb  to  extremely  intense  icing.  On  this  case 
which  deserves  detailed  description,  it  was  communicated  at 
international  conference  on  tne  problem  of  icing  [41]. 


Aircraft  icing  occurred  under  conditions  of  the  standing  wave 
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before  wars  front,  whicn  ware  approaching  Madrid  (Fig.  2.25).  Data  of 
radiosounding  of  upper  air  auove  Madrid,  Lisbon  and  claret  showed 
that  on  6  October,  1961,  the  rroutal  system  was  continuous  and  it  had 
vertical  extent  approxiaately/e xempla rily  to  9000  m.  It  is 
characteristic  that  this  day  tne  two  additional  turboprop  aircraft 
"Viscount”  of  company  VfcA  tney  uit  under  the  conditions  of  intense 
icing. 


Large  icing  intensity  was,  onviously,  the  consequence  of  the 
formation/education  of  the  rlow  or  mountain  waves  and  orographic 
uplift  (icing  occurred  auove  a  sierra-de-Guadarrama  mountains).  To  an 
increase  in  the  icing  intensity  contributed  also  the  fact  that  the 
icing  occurred  near  point  or  occlusion. 

Page  75. 

Aircraft  icing  "Vanguard",  wmch  was  continuing  for  10-15  min, 
occurred  in  the  climb  in  section,  approximately/exemplarily,  between 
2000  and  4200  m  at  temperature  or  surroundinq  air  from  -10  to  -12°  C. 

According  to  evidence  of  crew  members,  as  a  result  of  icing  ice 
was  formed  on  spinners  (in  water  ut  rings)  with  a  thickness  of  50-75 
mm  in  the  individual  sections  or  tne  lower  wing  surface  after  the 
warmed  zone  (in  the  form  or  tne  ice  outgrowths  of  the  irregular  form 


ai-'  -  ■  .    v 


The  conventional  designations. 


high  pressure. 


low  pressure. 


shower  precipitation. 


cold  front. 


«  -  warm  front. 


five-scale  cloudiness,  wind  4-6  m/s 
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Fig.  2.23.  Synoptic  situation  in  Id  hours  on  5  October,  1961. 

Key:  (1).  Keflavik.  (2).  vocation  of  aircraft  of  11-18  during  icing. 
(3) .  Newfound  land. 

Page  76. 

As  showed  later  tests  or  aircraft  “Vanguard"  conducted  under 
conditions  icing,  and  also  investigation  on  model  airplane,  thickness 
of  ice  on  the  leading  wing-root  edge  could  reach  200  mm.  According  to 
data  of  experiments  ice  cn  tn=  tali  assembly  was  formed  and  was 
discarded  periodically;  however,  its  maximum  thickness  could  be  7 30 
am. 


Icing  underwent  alsc  tne  unprotected  numerous  projecting 
eleaents/cells  of  aircrart. 

The  air  intakes  of  engines,  apparently,  remained  free  from  ice, 
which  is  confirmed  by  tne  aosence  of  any  abnormalities  in  the 
operation  of  engines. 


Aircraft  began  the  climo  in  nominal  engine  power  rating  and 
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indicated  airspeed  315  Km/h  (/ig.  2.26).  Upon  the  entrance  into  the 
zone  of  icing  operated/actuatea  tne  signal  indicator,  and  crew 
included/connected  the  de-icing  system  of  aircraft.  As  a  result  of 
icing,  which  continued  ror  10-15  uiin,  the  vertical  velocity  of 
aircraft  continuously  decreased  ana  at  height/altitude  of 
approximately  5000  m  feu  to  zero  despite  the  fact  that  the  pilot 
changed  engine  power  rating  to  taxeoff,  striving  to  break  clcuds  and 
to  leave  the  zone  of  icing,  indicated  airspeed  up  to  this 
■oment/torque  decreased  to  z7d-26d  km/h  appeared  the  strong  agitation 
of  separation  character  wuich  was  perceived  on  controls. 
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"the  conventional  designations. 

h  -  low  pressure. 

° — ™-  14-16  n/s. 

v -  24-26  n/s. 

Fig.  2.24.  Upper-air  chart.  AT-Jud  ub.  in  IS  hours  on  5  October,  1961 
(H=9000  m)  . 

Key  (1).  Keflavik. 
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Icing  was  discontinued,  oa  pnot  it  was  it  was  forced  to  transfer 
aircraft  to  the  mode/conuitions  or  reduction.  At  the  height/altitude 
of  4270  m  the  flight  coatiuaea  in  takeoff  engine  power  rating,  with 
the  connected  de-icing  system;  true  airspeed  of  aircraft  at  this 
height/altituda  was  410  ka/n,  wmcn  to  235  km/h  is  less  than  the 
flight  speed  of  aircraft  unuei  tnese  conditions  in  the  absence  of 
icing. 


Ice  from  aircraft  moves  away  completely  only  after  the 
flight/spaa  of  claret  (approximately/exa  mplaril  y  third  of  path), 
after  which  the  de-icing  system  was  switched  off,  and  aircraft,  after 
collecting  height/altituue  or  approximately  6000  m,  is  continued 
flight  in  the  normal  moue  of  the  work  of  engines  and  cruising  flight 
speed . 
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*****  -  cold  front. 


-  low  pressure. 


-B  -  high  pressure. 


*•>•*•*  -  occluded  front. 


Fig.  2.25.  Synoptic  situation  in  1o  hours  on 


October 
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Key:  (1).  London.  (2).  Pans.  (J)  .  Bilbao.  (4).  Madrid.  (5).  Location 
of  aircraft  "Vanguard”  during  icing. 

Page  78. 

As  showed  analysis,  deterioration  in  the  aircraft  performance  as 
a  result  of  icing  it  reguireu  an  increase  in  the  power/thick  ness  of 
engines  more  than  to  40c/o  (in  comparison  with  the  required  power  of 
level  flight  at  the  hei gn t/altitude  of  4270  m  at  indicated  airspeed 
3J0  km/h  and  < =0.82)  . 

Fig.  2.27  gives  the  poiars  or  uniced  and  iced  up  aircraft.  As 
can  be  seen  from  graph/curve,  tne  urag  coefficient  of  aircraft  c,  at 
the  height/altitude  of  4 rVo  m,  xnaicated  airspeed  330  km/h  and 
=0.82  it  increased  by  0.032.  ooo/o  of  this  drag  increment  were  caused 
by  ice  accumulation  in  chickuess  to  200  nun  on  the  unheated  leading 
wing-root  edges,  15o/o  -  uy  iciug  of  the  tail  assembly.  The  ethers 
25o/o  are  caused  by  the  icing  or  tne  lower  surface  of  wing,  and  also 
different  unheated  aircratt  components. 

In  the  opinion  of  firm  "Vickers  Armstrong",  the  reason  for  the 
emergence  of  the  agitation  or  aircraft  (buffeting)  at  speed  270-280 
km/h  was  the  icing  of  root  or  tne  wing  between  the  fuselage  and 
inboard  engines  and  tail  assemblies. 
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The  examined  case  uua  aircrart  "Vanguard"  shows  that  are 
possible  the  extremely  severe  conditions  of  icing,  although  the 
probability  of  their  meeting  is  very  small. 

As  showed  ealeu  laticns,  nguiu-water  content  in  this  case  was, 
approximately/exemplariiy,  o  times  of  more  than  the  maximum 
calculated  value  of  liquid-water  content,  accepted  on  English 
standards,  and  it  comprised,  ap tr oxima t e 1 y/e xemplari ly ,  1-4  g/m3  with 
the  diameter  of  droplets  20-4U  p.  As  the  basis  of  calculation  was 
assumed  the  maximum  thickness  or  ice,  which  was  being  formed  on 
unheated  ending  of  the  lert  hair  wmg  and  reached  250  mm. 


Example  of  8.  On  31  January,  1963,  the  aircraft  of  11-18,  which 
fulfilled  training  flignts  in  tne  adverse  weather  conditions  (landing 
approaches)  in  airport  i one  vuukovo  airport  at  the  height/altitude  of 
400  m,  long  time  was  feucu  under  conditions  of  icing. 
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Pig.  2.26.  Plight  profile  of  the  aircraft  "Vanguard"  on  6  October, 


196  1. 


Key:  (1).  Nra.  (2).  km/h.  iJj  .  r/rnin.  (4).  m/s.  (5).  Severe  vibration 
(6).  Began  icing,  start  or  anti-icing  system.  (7).  Icing.  (8). 

Sierr a-de-Ouadarrama .  (9).  haired.  (10).  Bnrgos.  (11).  Bilbao. 

Page  79. 

Plight  was  conducteu  witu  lb  uours  to  21  hours,  in  this  period 
of  time  area  Moscow  was  locateu  unuer  the  effect  of  destructive 
ridge,  and  then  under  the  eilect  or  weakly  expressed  trough  and 
secondary  warm  front  (Fig.  z.z6)  forming  in  it.  Trough  was  directed 
from  the  cyclone,  locateu  in  area  of  Vinnitsa.  Marin  Secondary  front 
18  hours  passed  southeast  Moscow  in  the  direction:  Kaluga,  Serpukhov 
Set.  Kurovskaya,  Vladimir,  before  the  front  were  observed  the  mists, 
and  into  the  Set.  Kubmxa  and  uaitrov  -  fog/mist.  Front  slowly  was 
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moved  in  the  northwestern  direction.  In  the  zone  of  front  and  before 
it  occurred  the  f or mat iu n/eu uca t ion  of  the  cloudiness  of  lower  deck 
with  lower  boundary  of  luo-rdo  m,  while  20  hours  in  Moscow,  st. 
Chkalovskoy,  Bykovo,  Naroromin^K,  ^ett.  Vnukovo,  sett.  Kubinka  and 
Mozhaysk  snow  fell. 

According  to  data  or  iitcrart  sounding  into  Vnukovo  airport  IS 
hours  stratocumulus  clouds  were  observed  at  the  heights/altitudes  of 
700  n  and  1100-1500  m  auu  altocumulus  clouus  -  at  the 
heights/altitules  of  45bb-u6dd  m. 

During  sounding  the  temperature  of  air  in  the  earth's  surface 
was  equal  -  10°  C,  at  tue  nei ju t/aititude  of  u0 0  m  -  12°  C,  at  the 
height/altitude  of  1000  u»  -  9°  c  and  at  the  height/altitude  of  J000  ir 
-  12°  C.  Aircraft  icing,  probabx/,  occurred  in  cloudiness,  under  the 
layer  of  the  inversion  whose  xowGr  boundary  was  found  at  the 
height/altitude  of  400  if.  bower  boundary  of  cloudiness  17  hours  was 
found  at  the  height/altitude  or  job  m  and  21  hours  was 
dr opped/omitted  to  120  m.  ine  cloudiness  of  10  calls,  humidity  in 
oeriod  with  15  hours  tc  xl  nours  increased  from  86  to  97o/o. 
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Fig.  2.29  and  2.30  depict  pnoto  of  the  root  parts  of  wing  and 
forepart/nose  aircraft  component.  in  the  unheated  section  of  the 
center  section  between  ruselage  aua  air  intake  of  air-air  radiator 
entire  wing  leading  edge  was  cowered  with  ice  with  a  thickness  of 
30-35  mm,  the  width  cf  capture  was  150-200  mm.  On  the  frames  of  four 
front /leading  glass  cf  cocxpit  was  formed  the  layer  of  ice  with  a 
width  of  30-40  mm  and  witn  a  luicrness  of  50-55  mm.  The  considerable 
layer  of  ice  (15-20  mm)  was  also  aiscovored  on  the  frontal  surfaces 
of  the  unheated  elements  of  ruseia^e  construction,  and  also  on 
front/leading  and  basic  landing  gear  struts. 

6.  Some  hints  in  accordance  witn  tne  execution  of  flights  under 
conditions  of  icing. 

In  conclusion  let  us  present  several  hints  to  pilot,  which  will 
aid  it  correct  to  be  oriented  c  id  to  avoid  the  zones  cf  most 
dangerous  icing. 

Kith  preparation  and  execution  of  flight  it  is  necessary  to 
focus  attention  on  the  following  tacts: 


1.  Under  what  synoptical  conditions  is  passed  the  route  of 
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flight?  In  uniform  air  mass,  warn  the  intersection  of  tne  fronts  or 
along  front? 

2.  At  what  heights/ altituues  are  found  upper  and  lower 
boundaries  of  clouds? 

3.  How  is  distributed  temperature  of  surrounding  air  on 
heights/altitudes  and  wnere  pass  isotherms  0°  C  and  -10°  c. 

Most  frequently  the  zone  ot  icing  is  arranged/located  between 
these  isotherms. 

4.  If  flight  is  conducted  m  clouds  ot  uniform  air  masses 
(laminar,  stratocumu lus,  cumulus  and  cumulonimbus),  it  is  necessary 
to  consider  that  most  intense  icing  occurs  in  upper  part  of  these 
clouds. 

In  this  case  upper  Boundary  of  stratus  and  str atocumulus  clouds 
rarely  exceeds  2000  m,  at  tne  same  time  the  extent  (on  horizontal)  of 
the  zone  of  icing  in  these  ciouus  can  be  very  large. 

5.  If  from  stratus  ana  str atocumulus  clouds  falls  considerable 
precipitation  in  the  form  oi  snow,  icing  intensity  in  these  clouds 
occurs  weak  or  icing  is  ausent.  ir  precipitation  does  not  fall  at  all 
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or  they  fall  in  the  fora  or  cue  supercooled  drizzle,  icing  intensity 
can  be  the  average  and  eveu  greater. 

6.  In  cumulus  and  cumulommous  clouds  of  uniform  air  masses 
icing  of  large  intensity  can  oe  encountered  at  heights/altitudes  of 
2000-3500  m.  In  this  case  tne  temperature  of  surrounding  air  can  be 
considerably  below  -10°  c.  Upper  boundary  of  the  cumulonimbus  clouds 
can  exceed  4000  m. 

Is  most  intense  icing  in  tne  cumulonimbus  and  cumulus  clouds  in 
spring  and  autumn  perieds  ol  year. 

Page  82. 

7.  In  nimbostratus  wazm-tron  clouds  frequently  most  intense 
icing  is  observed  in  th^ir  lower  part  where  water  content  of  clouds 
and  size/dimension  of  dieps  in  majority  of  cases  greatest.  If  warm 
front  is  not  accompanied  a y  tne  positive  temperatures  in  the  lower 
part  of  cloud  system,  tnen  intersected  it  should  be  at  the  largest 
possible  height/altitude. 

But  if  behind  front  begins  warm  air  with  positive  temperature  in 
lower  part  cloudiness,  tnen  zone  or  icing  behind  front  can  be  located 
on  middle,  and  sometimes  and  m  upper  part  clcud  system  -  high  zero 
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isotherm.  In  this  case  tne  rlignt  the  front  should  be  carried  out  at 
low  altitudes,  where  the  temperature  of  air  is  positive. 

8.  Is  most  dangerous  loiuj  in  freezing  rain,  oy  most  frequently 
connected  with  warm  front.  icj.ng  intensity  in  freezing  rain  is  very 
large.  If  aircraft  meets  rreenug  rain,  then  this  means  that  the 
superincumbent  cloud  layers  naVo  positive  temperature.  Therefore  the 
rapid  climb  can  derive  aircrart  trom  dangerous  zone. 

9.  If  warm  front  is  cnaractenzed  by  heavy  precipitation  in  the 
form  of  snow  and  power f ul/tuicn  Vertical  development  of  cloudiness 
(to  6000-8000  m)  ,  icing  in  clouus  either  is  absent  or,  as  a  rule,  it 
has  weak  intensity. 

10.  If  warm  front  is  cnaraoterized  by  precipitation  in  the  form 
of  weak  snow  or  drizzles  and  its  cloudiness  does  not  have 
considerable  vertical  development,  then  in  clcuds  is  observed  icing 
of  large  intensity.  In  this  case  frequently  is  formed  transparent  ice 
of  U-shaped  form,  which  most  snacply  makes  flight  aircraft 
quality/fineness  ratios  worse. 

11.  In  cumulonimbus  coiu-tront  clouds  icing  can  be  very  intense. 
Is  most  intense  icing  in  tne  up^er  part  of  the  cloudiness.  Therefore 
intersected  front  should  ue  eitner  higher  than  the  clouds  or,  if  this 


DOC  =  79116204 


PAGii 


is  impossible,  at  the  low  altitudes;  it  is  necessary  to  keep  in  mind 
that  the  icing  in  these  clouas  can  occur  at  very  low  temperatures  of 
surrounding  air. 
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Page  83. 

Chapter  III. 

PROTECTION  OF  AIRCRAFT  AND  HELICOPTER  FROM  ICING. 

1.  Safety  methods  from  icing. 

All  existing  safety  methoas  or  aircraft  (helicopters)  and  their 
power  plants  from  icing  can  ue  arwided  into  four  groups: 

1.  Mechanical  methods. 

2.  Physicochemical  aetnous. 

3.  Thermal  methods. 

4.  combined  methods. 


The  essence  of  the  urst  group  of  methods  consists  in  the 
mechanical  removal  of  the  generatrix  of  ice  on  the  shielded  aircraft 
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components.  One  of  such  metnoas  was  widely  used  during  the  years 
1935-  1950  for  protection  trot*  tae  icing  of  wing  and  tail  assembly, 
but  then  it  was  gradually  extruded/excluded  more  advanced. 

On  some  types  of  foreign  aircraft  this  method  is  applied  at 
present. 

Let  us  examine  brielry  tne  operating  principles  of  the 
mechanical  deicer  indicated,  depicted  schematically  on  Fig.  3.1.  On 
the  leading  edge  of  wing  (or  tan  assembly)  are  installed  rubber 
protectors,  which  with  switcned  orr  deicer  fit  wing  skin.  Protectors 
have  the  longitudi  ia  1  cnaiaDers/caiflera  s  whose  quantity  can  be 
different.  The  compressed  air  initially  enters  the  middle 
chamber /camera  of  protector  wmcn  are  blown  in  and  breaks  ice  formed 
near  leading  edge.  Then  air  is  released  from  the  middle 
chamber/camera  and  is  supplied  into  lateral  ones,  which,  being 
inflated,  break  down  ice  in  tne  lateral  sections  of  nose/leading 
edge.  After  this  air  it  is  released  from  lateral  chambers/cameras, 
and  cycle  is  repeated.  1ms  alternating  filling  of  the 
chambers/cameras  of  protectors  vita  air  leads  to  the  breaking  of  ice 
into  pieces  and  dropping  uy  its  air  flow. 

For  low-speed  aircraft  the  de-icing  system  indicated  upon  its 
timely  inclusion  provided  satisractory  protection  in  the  majority  of 
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the  conditions  of  icing  met  in  night.  However,  during  the  rapid 
increase  of  ice  (its  especially  some  of  forms)  protectors  proved  to 
be  insufficiently  effective. 

Page  84. 
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fundamental  shortcoming  in  tms  system  is  the  disturbance/breakdown 
the  lift-drag  ratios  or  wing  ana  tail  assembly,  called  by  a  change 
the  form  of  the  leading  edge  o£  an  airfoil  profile  during  bulging 
protectors.  This  shortcoming  limits  the  use/application  of  deicers 
some  flight  conditions  (on  takeoff,  landing)  and  it  makes  from 
rtually  unsuitable  for  contemporary  high-speed  aircraft. 


In  spite  of  the  noted  shor roomings,  to  which  should  be  added 
another  possibility  of  tne  ligut  damage  of  protectors,  this  system, 
developed  in  1910  by  American  researchers  S.  Geer  and  1 ,  Scott,  it 
played  in  its  time  positive  roie  and  was  the  actually  first  de-icing 
system  which  considerably  raiseu  safety  and  regularity  of  IFR 
fl ights. 
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The  physicochemical  metnods  or  deic 
following  principles:  1)  cue  decrease  of 
with  the  surface  of  aircralt,  2)  uepress 
water.  Essence  and  each  or  tae  groups  of 


ing  are  based  on  one  of  the 
the  cohesive  force  of  ice 
ion  of  the  freezing  point  of 
the  physicochemical  methods 
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consists,  thus,  in  the  creation  or  the  interlayer  of  certain 
substance  between  ice  ana  tne  suiiace  of  aircraft  shielded  by  part. 

Great  attention  of  tne  researchers  in  the  initial  period  of  the 
development  of  anti-icing  means  attracted  the  idea  of  the  creation  of 
this  coating,  which  woura  possess  zero  cohesive  force  with  ice. 

The  method  of  deicing  indicated  is  extremely  tempting.  Is 
actual/real,  creation  on  tne  surrace  of  the  aircraft  of  the  durable 
permanent  or  periodically  renewed  coating,  for  which  it  would  not  bo 
required  the  supply  of  any  energy  and  sources,  which  were  being 
located  on  aircraft,  and  wnicu  wouxd  provide  protection  from  icing, 
it  would  most  rationally  solve  entire  problem  as  a  whole;.  However, 
the  numerous  attempts,  wmen  do  not  cease  and  up  to  now,  to  develop 
such  coatings  were  not  crowned  uy  success. 
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Fig.  3. 1.  Diagram  of  the  work  ox  mechanical  deicer. 

Key:  (1).  Deicer  is  switcacd  ou.  i2)  .  Deicer  is  connected.  Air 
supply  into  middle  chamcer/caiuera.  (3).  Deicer  is  connected.  Air 
supply  into  lateral  chaoiters/cd  aeras. 

Page  85. 

•las  proposed  the  large  nuurer  or  coatings  in  the  form  of  varnishes, 
pastes  or  lubrications,  xney  air  are  not  yielding  positive  results. 
Some  of  the  substances  fceiug  tuey  are  plotted/applied  to  surface  they 
substantially  decreased  tne  conesive  force  of  its  with  ice,  but  this 
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decrease  was  nevertheless  iusurtj.cj.ent  tor  the  dropping  ot  ice.  "Xt 
was  assumed  that  effective  must  prove  to  be  the  so-called 
hydrophobes,  i.e.,  the  suostaucas,  possessing  properties  not  to  be 
wet  by  water,  /is  is  known,  water  during  incidence/i  inpin  je  men t  into 
such  substances  decays  to  tne  spherical  drops  which  are  rolled  up 
from  the  surface,  covered  witu  uixs  substance.  Such  hydrophobes,  that 
possess  unwettability  or  dirtcieut  degree,  are,  for  example, 
paraffin,  petroleum  jelly,  wax,  grease,  senes/row  of  silicones. 
However,  experiments  show«u  Lnat  tne  hydrophofcicity  of  substances 
does  not  exert  of  the  wmcu  dociues  effects  on  the  process  icing.  Is 
explained  this  by  the  fact  tnat  tn=  supercooled  drops  with  the 
impact/shock  about  the  surraca  or  aircraft  freeze  so  rapidly  that  the 
property  ot  unwettability,  apparently,  dees  net  manage  to  be 
revealed.  On  the  basis  or  cue  made  experimental  works  Soviet 
researcher  P.  P.  Kobeko  (_  9  j  expressed  affirmation,  that  the  strength 
of  freezing  water  and  othoi  liquids  to  rigid  surfaces  does  not  depend 
on  that,  is  wet  surface  ny  this  nguid  or  not.  In  the  opinion  of  P. 

P.  Kobekc,  deicing  via  tne  seaj.cn  cf  the  corres pond  in j  varnish 
coating  is  hopeless. 

Nevertheless  it  should  nt  uoted  that  tnis  categorical  point  of 
view  can  be  finally  confirmed  it  and  only  if  will  be  completely 
opened  physics  ot  the  mecnanism  cl  the  crystallization  of  the 
supercooled  drops  on  the  surface  ui  the  flying  aircraft. 
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To  it  is  ice  the  built-up  euge,  which  was  being  formed  in 
flight,  for  example,  on  cue  wing  surface,  operate  the  following 
forces:  the  force  of  air  pressure,  gravitational  force,  cohesive 
force  of  ice  with  wing  sum.  i'us  xutter  plays  the  dominant  role  and 
in  its  value  considerably  exceeds  the  others.  This  showed  experiments 
the  study  of  the  protective  coatings  about  which  it  was  mentioned 
above.  The  cohesive  force  (aanesiou)  of  ice  with  the  surface  of  metal 
is  the  result  of  the  moiecurar  attraction  of  these  bodies  and  their 
ganging  (as  a  result  of  tne  rouguncss  of  contact  surface) .  This 
cohesive  force  of  ice  ci  Jrrtereut  form  wifn  the  wing  surface  depends 
on  a  number  of  factors,  its  vaiue  car.  reach  10  kgf/cm*  and  mere.  In 
connection  with  the  fact  uut  attempts  to  remove  or  into  a  sufficient 
measure  to  decrease  this  cojiesive  force  thus  far  not  of  yielding 
positive  results  the  researchers  turned  to  the  second  direction  into 
the  development  of  the  pn/sicocneiuica  1  methods  of  leicing  of 
aircraft,  namely  to  the  coating^,  xowerir.g  the  freezing  point  of 
water . 

The  idea  of  creation  on  tne  surface  of  the  aircraft  of  coating 
from  the  substance,  reauiiy  soiuoie  in  water  and  which  forms  the 
nonfreezing  soiuti on/o penrn g  uut'ing  incider.ee/impingement  to  it  from 
air  of  the  supercooled  urops  or  water,  was  conceived  even  in  the 
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beginning  Thirties.  As  sucn  substances  can,  for  exaaple,  serve 
calcium  chloride,  nitric  acid  sodium,  sodium  chloride,  ethylene 
glycol,  etc. 

Page  86. 

Experiments  shoved  that  sucn  substances,  plotted/applied  (in  mixture 
vith  other  connections)  to  tne  surrace  of  aircraft,  contribute  to  the 
elimination  on  it  of  icing.  The  usually  supercooled  drops  of  water, 
falling  from  the  atmosphere  to  tne  surface,  covered  with  this 
substance,  as  a  result  oi  tne  large  crystallization  rate  manage  to 
freeze  and  to  form  the  mm  ot  ice.  However,  that  part  of  ice,  which 
directly  comes  into  contact  with  the  surface  of  aircraft,  begins  to 
be  melted,  the  cohesion/coupling  ice  is  disrupted  and  ice  crust 
drops,  without  having  achieved  considerable  thickness.  Then  process 
is  repeated. 

Rain  disadvantage  in  this  metnod,  which  restricted  its  practical 
use/application,  is  the  snort  duration  of  the  action  of  all 
substances  indicated,  since  tney  are  removed  together  with  the 
stripped  ice  built-up  edge,  and  also  easily  they  wash  off  under  the 
action  of  rain.  For  eliminating  tnis  shortcoming  were  developed  the 
deicers,  which  provided  tne  continuous  feed  of  substance  (usually 
liquid)  to  the  shielded  surface.  In  their  tine  received  certain 
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propagation  the  devices/equipmeat,  which  made  it  possible  to 
continuously  wet  the  shielded  surface  by  anti-icing  liquid  by  its 
liberation  through  porous  sum.  At  present  on  soae  aircraft  is 
applied  for  the  satae  purpose  porous  metal.  Wide  acceptance  received 
the  liquid  deicers  for  propellers,  used  up  to  now  on  working 
poston-engined  aircraft. 

The  mechanism  of  the  action  or  the  liquid  substance, 
continuously  supplied  to  the  surface  shielded  from  icing,  is  soaewhat 
different  from  the  mechanism  or  tne  application  of  solid  or  pastelike 
anti-icing  coating.  If  in  tne  latter  case  occurs  the  periodic 
formation/education  of  rce  crust,  then  its  slight  melting  and 
dropping,  then  the  anti-icing  liquid,  which  enters,  for  example,  to 
frontal  glass  of  cockpit,  at  a  sufficient  rate  of  its  supply,  simply 
washes  off  the  settling  supercooled  drops,  without  giving  to  them  to 
be  crystallized. 

It  should  not  be  supposed  that  the  anti-icing  liquid  effectively 
melts  forming  ice.  Laboratory  tests  showed  that  during  insertion  into 
the  vessel,  filled  with  alcohol,  tne  cube  of  ice,  the  time  of  its 
complete  melting  is  approximately  40  min  [4].  Hence  follows  and  this 
confirms  practice  that  the  liquid  ue-icing  systems  are  more  effective 
as  the  means,  antiicing,  out  not  as  the  means,  which  removes  the 
formed  layer  of  ice.  The  lower  freezing  point  of  liquid  and  than  more 
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it  is  polar*  the  better  tne  liquid  it  Belts  ice.  Thus,  anti-icing 
liquid  exerts  on  ice  both  cneaical  and  mechanical  influence.  To  this 
frequently  is  added  thermal  effect,  since  the  liquid  entering 
soaetines  has  positive  temperat ure. 

t 

&  fundamental  shortcoming  in  all  liquid  de-icing  systems  is  the 
limitedness  of  their  action  on  time. 

Page  B7. 

The  need  for  having  on  heard  aircraft  a  considerable  reserve  of 
liquid,  and  also  a  complexity  of  constructing/designing  such  systems 
for  large  aircraft  throttlea/tapered  region  their  uses/applications: 
liquid  deicing  systems  were  utilized  mainly  for  the  protection  of 
glasses  of  the  flight  deem  and  propellers.  The  typical  pattern  of 
this  system,  which  was  being  applied  on  piston-engined  aircraft,  it 
is  shown  in  Fig.  3.2. 

For  a  wing  and  a  tail  assemoly  liquid  systems  were  applied 
rarely.  As  an  example  it  is  possible  to  give  English  aircraft  Vickers 
"Viking1*,  whose  liquid  de-icing  system  was  established/installed  on 
wing  and  tail  assembly.  According  to  the  data  of  tests  [34],  carried 
out  into  1950,  flow  rate  of  anti-icing  liquid,  which  was  being 
required  for  protection  from  tne  icing  of  the  aircraft  components 
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indicated,  it  did  not  exceed  o  l/u/m* .  Supply  to  liquid  to  the 
shielded  surface  was  accoaplished/realized  through  special  porous 
coatings.  This  explains  comparati vely  low  fluid  flow  rate  (for 
exaeple,  for  glasses  of  aircraft  i.i-2  the  flow  rate  of  fluid 
comprised  in  average/mean  d-10  1/a).  Although  the  systea  was  included 
prior  to  the  beginning  of  icing,  it  worked  actually  as  an  ice 
reaover,  periodically  allowing/assuming  ice  formation  of  snail 
thickness  and  then  dumping  it.  Upon  the  inclusion  of  systea  after  the 
entry  into  the  zone  of  icing,  the  time,  necessary  for  the  first 
jettisoning  of  ice,  it  reaened  tne  significant  magnitude:  at 
teaperature  of  surrounding  air  oi  -3°C  for  the  removal  of  ice  in 
thickness  -6  am,  stabilizer  formed  on  leading  edge,  were  required 
aore  than  10  ain.  at  low  temperature  this  time  increased  even  more. 
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Fig.  3.2.  The  typical  pattern  of  tne  liquid  de-icing  systea  of 
propellers  and  glasses.  1  -  stop  cock,  2  -  filter,  3  -  puap,  4  - 
block  for  an  anti-icing  liquid,  5  -  check  valve,  6  -  distributive 
ring  on  propeller. 

Page  88. 

In  spite  of  essential  shortcoaings  in  the  liquid  de-icing 
systens,  work  on  their  iaproveaent  are  continued  also  at  present.  It 
was  in  particular  conaunicatea  £5dJ  that  as  a  result  of  an 
iaproveaent  in  the  distrioution  of  liquid  according  to  the  shielded 
surface,  it  was  possible  to  considerably  reduce  its  flow  rate.  The 
English  firs  TKS  continues  investigations  and  developaent  of  liquid 
de-icing  systeas  both  for  tne  aircraft  and  for  helicopters.  Fig.  3.3 
gives  the  overall  diagraa  of  tne  liquid  de-icing  systea  of  aircraft. 
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Systea  works  as  penoaic  aeicer  and  is  based  on  the  decrease  of 
the  cohesive  force  of  ice  vita  tae  surface,  moistened  by  the  liquid, 
which  reduces  the  freezing  point  of  water.  With  an  increase  in  the 
thickness  of  the  foraing  ice  built-up  edge  the  force  of  the  effect  on 
it  of  air  flow  increases  auu,  if  to  the  internal  surface  of  a  layer 
of  ice  through  porous  skin/sheatmng  continuously  is  fed/conducted 
anti-icing  liquid,  then  cones  this  aonent,  when  aerodynaaic  forces 
overcoae  the  cohesive  force  of  ice  and  it  is  duaped.  The  cyclic 
recurrence  of  the  action  or  this  deicer  depends  on  a  number  of 
factors:  the  speed  of  ice  foraation,  teaperature  of  surrounding  air, 
fora  of  ice,  speed  of  the  aircraft  (aain  role  play  teaperature  and 
icing  intensity) .  Anti-icing  liquid  is  fed/conducted  to  the  shielded 
surface  of  wing  or  tail  asseaoiy  with  the  aid  of  special  distributive 
panels  froa  porous  netai.  Are  applied  twc  versions  of  the 
construction/design  of  the  nose/ieading  edge  of  deicer.  In  the  first 
version  two  longitudinal  narrow  pauels  are  installed  flush  with 
skin/sheathing  on  both  sides  froa  leading  edge. 
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Fig.  3.3.  Overall  diagraa  or  the  liquid  de-icing  systen  of  aircraft. 

1  -  tank  with  anti-icing  liquid,  ±  -  pump,  3  -  porous  nose/leading 
edge  of  deicer,  4  -  filters,  5  -  switch,  6  -  regulator. 

Page  89. 

Liquid  leaks  through  porous  diaphragms  of  panels  and  spreads  over  the 
surface  of  nose/leading  edge.  A  shortcoming  in  this  version  is  the 
fact  that  between  panels  on  leading  edge  sometimes  remains  the  ice 
built-up  edge  which  holds  there  sufficiently  prolonged  time.  The 
second  version,  in  which  entire  nose/leading  edge  is  made  from  porous 
metal,  is  deprived  of  this  shortcoming;  however,  in  this  case  appear 
the  difficulties  of  guaranteeing  the  even  distribution  of  liquid  with 
its  required  low  flow  rate.  For  achievement  this  under  porous 
skin/sheathing  is  installed  porous  elastic  material  "Porvik”,  which 
creates  necessary  hydraulic  flow  resistance  of  liquid  and,  thus. 
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provides  its  unifora  very  low  fio*  rate  through  external  porous 
sk in/sheathing . 

Fig.  3.4,  borrowed  froa  work  £58],  scheaatical ly  shows  the 
construction/design  of  the  liquid  deicer,  established/installed  in 
the  wing  leading  edge. 

As  aetal  for  distributive  panels  at  first  were  applied  porous 
bronze  "Porosint",  and  then  porous  stainless  steel. 

For  anti-icing  liquids  is  presented  the  series/row  of  the 
requireaents:  liquid  must  have  low  freezing  point,  a  good  miscibility 
with  water,  liquid  must  not  be  toxic,  cause  the  corrosion  of  the 
aircraft  coaponents  and  uaaage  of  its  paint  and  varnish  coats.  The 
liquids,  used  for  protection  iron  the  icing  of  wing  and  tail 
asseably,  are  usually  based  on  glycols.  For  example,  the  English 
liquid  R-328.  For  protection  froa  the  icing  of  glasses  of  cockpit 
widest  use  received  ethyl  and  isopropyl  alcohol*. 

FOOTNOTE  *.  Glycol  liquids  for  tue  protection  of  glasses  cannot  be 
used,  since  they  nake  visibility  worse.  ENDFOOTNOTE. 


Pig.  3.*.  Con  struct  ion /design  or  cite  liquid  deicer  of  the  wing 
leading  edge. 

Page  90. 

ire  of  interest  soae  data  according  to  the  flow  rates  of  the 
anti- icing  liquid  R-328  for  tae  protection  of  wing  on  the  following 
aircraft  types: 

Vickers  a  "Viking"  -  500  ca3/ain;» 
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FOOTNOTE  *.  The  improved  de-icing  systems,  established/installed  on 
these  aircraft,  have  considerably  smaller  flow  rate  it  is  related  to 
page  90.  endfootnote. 

De  Haviland  "Da v"  -  22b  cm */ain; 1 

Avro  "Shackleton"  -  J54  cm3/min; 

Scotch  Aviation  "Twin  Pioneer*'  -  189  cm3/min. 

On  jet  De  Haviland  -  125  tor  protection  from  the  icing  of  wing 
and  tail  assembly  is  applied  liquid  de-icing  system  with  the 
average/mean  fluid  flow  rate  of  altogether  only  of  1.6  l/m*  in  hour. 
As  showed  flight  tests,  system  worked  effectively.  The  improvement  of 
liquid  de-icing  system  naK.es  it  promising  for  some  aircraft  types. 

Besides  protection  from  the  icing  of  the  wing  of  tail  assembly, 
cockpit  windows,  propellers,  were  aone  the  attempts  to  use  liquid 
de-icing  system,  also,  tor  engines  and  their  air  intakes  (in 
particular  for  engines  "Dart").  However,  these  systems  did  not  win 
acceptance. 
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Considerable  works  were  earned  out  on  the  use/application  of 
liquid  de-icing  systems  on  nelicopters.  such  systems  were,  for 
example,  they  were  estaclished/installed  on  the  Soviet  helicopters  of 
Mi-1  and  Mi-4  for  protection  from  the  icing  cf  the  blades/vanes  of 
the  carrying  and  tail  rotors. 

The  third  group  of  safety  uetnods  of  aircraft  from  icing  which 
will  be  in  this  chapter  examined  most  in  detail,  is  based  on  the  use 
of  thermal  energy,  developed  either  by  the  engines  of  aircraft  or 
with  special  installations. 

Besides  the  enumerated  turee  oasic  groups,  sometimes  are  applied 
the  combined  methods  of  deicing,  for  example,  the  combination  of 
mechanical  and  physicocnemical  methods. 

2.  General/common/total  static  data  along  the  de-icing  systems  of 
aircraft. 

Let  us  examine  some  geneiai/common/total  statistical  data  along 
the  de-icing  systems  of  contemporary  transport  aircraft  with  gas 
turbine  (TRD  and  TVD)  ana  piston  (PD)  engines  (table  6) . 

In  table  6  is  contained  the  information  according  to  43  aircraft 
types  which  are  operated  at  present  into  the  USSR,  USA,  England, 
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Prance  and  Holland. 

As  can  be  seen  from  taole  t>  for  wing  and  tail  assembly  of 
aircraft  with  GTD  [gas-turoine  engine]  and  PD  in  the  overwhelming 
majority  of  the  cases  (ob  cases  or  105) 1  is  applied  the  air-heat 
de-icing  system. 

FOOTNOTE  ».  Numeral  105  encompasses  the  total  number  of  the  de-icing 
systems  (wing  and  tail  assemoly)  or  48  aircraft  types  talcing  into 
account  the  versions  of  systems.  ENDF00TN0TE. 

Page  91. 

The  operating  principle  or  system  is  based  on  the  use  either  cf  hot 
air,  taken  from  the  compressors  of  engines  or  the  air,  heated  in  heat 
exchangers  by  the  hot  exhaust  gases  circulating  in  them.  Preheating 
air  sometimes  also  is  accompiished/realized  with  the  aid  of  special 
gasoline  preheaters. 

The  protection  of  wing  and  tail  assembly  from  icing  by 
mechanical  and  physicochemical  methods  is  applied  in  essence  only  on 
aircraft  with  PD.  For  tne  protection  of  the  tail  assembly  of  aircraft 
with  GTD  widely  is  applied  thermoelectric  de-icing  system  (11  cases), 
whereas  for  a  wing  it  was  used  altogether  only  in  two  cases. 
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Should  be  also  notea  tne  tact  that  in  spite  of  advantageous  use 
for  the  de-icing  systems  of  aircraft  with  GTD  of  the  hot  air, 
selected/taken  from  the  compressors  of  engines,  for  turboprop 
aircraft  is  frequently  utilized  tne  heating  by  the  air,  heated  by 
waste  heat  (in  heat  exchangers) ,  as,  for  example,  on  aircraft 
"Viscount",  "Britain",  "Vanguard".  The  selection  of  this  system  of 
heating  is  dictated,  in  6sseace  oy  the  impossibility  of  the  selection 
of  the  air  required  a  quantity  from  the  compressor  of  turboprop 
engine  as  a  result  of  a  considerable  reduction/descent  in  its  pouer. 
However,  for  aircraft  witn  tne  turbojet  engines,  which  allow/assume 
the  selection  of  a  larger  quantity  of  air,  the  use/application  of 
heat  exchangers  it  is  not  characteristic. 

For  protection  from  the  icing  of  the  tail  assembly  of  aircraft 
with  PD  just  as  for  a  wing,  are  applied  mechanical  (6  cases)  and 
physicochemical  methods  (5  cases). 

For  engines  and  their  air  intakes  in  essence  is  applied  the 
air-heat  system;  in  4  cases  is  used  the  thermoelectric  system  of 
cyclic  action  (for  air  ictaxes)  and  only  in  one  case  of  the 
physicochemical  action. 
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For  the  protection  of  the  screws/propellers  and  cooks  from  icing 
are  applied  the  electrical  heating  (19  cases),  and  also 
physicochemical  safety  methods  (9  cases) ,  moreover  for  some  aircraft 
with  PD  characteristically  generally  the  absence  of  de-icing  system 
for  the  screws/propellers  lice  trom  them  is  removed  by  changing  the 
propeller  pitch)  . 

Host  widely  used  safety  metnoa  of  glasses  of  cabin/compartment 
from  icing  is  electrical  heating  (i?  cases),  are  applied  also 
chemical  method  (8  cases)  and  not-air  heating.  In  two  cases  is  noted 
the  use  of  de-icing  system  of  glasses  of  the  combined  action; 
fundamental  air-heat  and  auxiliary  liquid. 
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Table  6.  The  de-icing  systems,  much  are  applied  on  contemporary 
passenger  aircraft. 
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Key:  (1).  De-icing  system.  (2).  Ancraft  type.  (3).  Engine.  (4). 

Gross  weight  leg.  (5)  .  wing,  (o)  .  tail  assembly.  (7)  .  engines  and  air 
intakes.  (8) .  screws/propexlers  and  cooks.  (9) .  glasses  of 
cabin/compartment.  (10).  Air-neat  with  use  of  hot  air  from 
compressors  of  engines.  (11).  iueruioe  lectric  of  cyclic  action.  (12). 
Electrothermal.  (13).  wxtn  screws/ ^ropelle rs.  (14).  Thermoelectric  of 
cyclic  action.  (15).  Air-ueat  -  axt  intakes  and  blades  VN A .  The 
edges/fins  of  crankcase  are  warmed  by  hot  oil.  (16).  Thermoelectric 
of  cyclic  action.  (17).  Axr-neat  ox  air  intakes  and  blades  VNA.  The 
edges/fins  of  engine  are  warmed  oy  hot  oil.  (18).  Air-heat  from 
exchangers.  (19),  Exhaust  system  or  engines  is  warmed  by  warm  air. 
(20).  Air-heat  with  use/application  of  heat  exchangers.  (21). 

Gasoline  heaters  of  air-heat  witn  use/application.  (22).  Carburetor 
is  warmed  by  warm  air  from  uuuer  nood  space.  (23) .  Carburetor  is 
warmed  by  warm  air.  (24).  poexng.  (25).  Pratt-Whitney.  (26). 
Thermoelectric  (glass  N£SA)  .  (27).  Douglas.  (28).  Conway.  (29). 

Thermoelectric  (NES*).  Protection  trom  rair.  -  with  the  aid  of  air 
jets  from  the  system  of  conuxtiouing.  (30).  Air-heat.  (31).  Convair 
"Skylark"  600  (or  "Golden  Arrow").  (32).  General  Electric.  (33). 
Thermoelectric  of  firm  Gcourxch.  (34).  Air-heat  with  use  of  air  from 
compressors  of  engines.  (35) .  Locxneed  "Super  Super  Constellation". 
(36).  Douglas  "Cargomaster".  (37).  Turbo-Wasp.  (38).  Air-heat  of 
cyclic  action  with  use  ct  not  air  rrora  compressors  of  engines.  (39) . 
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Mechanical  action  -  pneumatic  protectors.  (40).  Lockheed  "Electra"  88 
or  188).  (41).  Allison.  (42).  x  version  -  thermoelectric;  II  version 

-  air-heat  with  air  bleed  uou  engines.  (43).  Lockheed  C130A  or  130B. 

(44).  Douglas  ••super".  (43) .  Mechanical  action  -  protectors  of  firm 
Goodrich.  (46).  Liquid  (carburetor) .  (47).  Liquid.  (48).  Fundamental 

-  air-heat  (from  cabin  neating  system)  and  auxiliary  -  liquid.  (49) . 

Martin.  (50).  Mercury.  (51).  air-neat  with  use/application  of  heat 
exchangers  or  use  of  waste  neat  (to  1  m2  it  is  fed/conducted  by  4000 
kcal/h) .  (52).  Air-heat  witu  use/application  of  gasoline  heaters. 

(53).  Fairchild  C-82  "Pacxet".  (54).  Double-Wasp.  (55).  Lockheed 
"Constellation".  (56).  wrignt  cyclone  749C,  18-13  1  or  Pr att-Whitney 
"Double-wasp".  (57).  Pratt-Whitney  "Double-Wasp".  (58).  I  version  - 
liquid;  II  version  -  t heraoaiectnc.  (59).  Pratt-Whitney  "Wasp 
Major".  (60).  Boeing  37/  "Stratocr uiser" .  (61).  De  Havilland  "Comet". 

(62).  Avon.  (63).  England.  lt>4).  Vickers.  (65).  Bolls  Royce  "Conway". 
(66).  Electrothermal  (glass  consists  of:  external  annealed  glass, 
gold  film,  thick  layer  from  polyvinyl  butyral  and  fundamental  power 
glass.  (67).  Da  Havillana  ON  121  "Trident".  (68).  Rolls  Royce  "Spey". 

(69)  .  Air-heat  with  use  cf  hot  air  from  compressors  of  engines. 

System  is  designed  for  the  evaporation  of  moisture  under  conditions 
of  icing  to  the  temperature  of  surrounding  air  of  equal  minus  40°c. 

(70)  .  Air-heat  with  use  cf  not  air  from  compressors  of  engines. 

System  works  automat ically  anu  it  can  be  included  during  taxiing  and 
takeoff.  (71).  Vickers  "Viscount".  (72).  Dart.  (73).  Thermoelectric 
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of  cyclic  action  (coating  "spraymate"  of  fir*  NEPIB)  .  (74). 

Thermoelectric  of  cyclic  action  (system  of  firm  Dunlop)  -  air 
intakes.  (75).  Bristol  -  "Britain"  series  310.  (76).  Proteus.  (77). 
Thermoelectric  of  cyclic  action  -  air  intakes.  (78) .  Vickers 
"Vanguard".  (79) .  Bolls  fao yea  or  "uyster ies".  Air-heat  with 

use/application  of  heat  exchangers,  placed  in  engine  nacelles.  (81). 
Thermoelectric  of  cyclic  action  (system  of  firm  Dunlop)  -  air  intakes 
and  air-heat  with  use  or  hot  air  from  compressors  of  engines  -  input 
devices  of  engines.  (82).  Xnermoelectric  of  cyclic  action.  (83).  I 
version  thermoelectric  (glass  NESA  or  triplex  with  gold  film)  ;  II 
version  -  liguid.  (84) .  Armstrong  Wentworth  AW  650  "Argossy".  (85). 
Rolls  Royce  "Dart".  (86).  Taermoeiectric  of  cyclic  action  (system  of 
firm  Dunlop).  (87).  Britain.  (88).  I  version  -  mechanical  of  firm 
Goodrich;  II  version  -  air  thermal.  (89).  I  version  -  liquid;  II 
version  -  air-heat.  (90).  Scottisn  Aviation  "Twin  Pioneer".  (91). 
Olivis-Leonides.  (92).  1  version  -  liquid  (IKS);  II  version  - 
mechanical  action.  (93).  Exnaust  system  of  engines  is  warmed  by  hot 
oil.  (94).  Liquid  (TKS)  .  (95).  De  aavilland  "Dav".  (96).  De  Havilland 

"Gipsy  Queen"  71  3  PVD  "Gipsy  Major".  (97).  f\v<ct  "fork".  (98).  Rolls 
Royce  "Merlin".  (99).  Vickers  VC. 1  "Viking".  (100).  Bristol 
"Hercules".  (101).  Handley  Page  "Marathon".  (102).  De  Havilland 
"Gipsy  Queen".  (103).  Carouretor  is  warmed  by  hot  oil.  (104). 

Air-heat  and  liquid.  (10b).  naudley  Page  "Hermes".  (106).  Bristol 
"Hercules".  (107).  Airspeed  "Am oassador " .  (108).  Bristol  "centaur". 
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(109).  Air-heat  with  use/applrcat ion  of  heaters.  (110).  I  version  - 
theraoelectric;  II  version  -  liquid.  (111).  Caravelle.  (112).  Rolls 
Roy ce  Avon-522.  (113).  trance.  (114).  Langedoc.  (115).  Gnome-Rhone. 
(116).  Breguet.  (117).  Junkers  or  riumes.  (118).  I  version  - 
mechanical  action  -  system  ulener  -  Colomb;  II  version  -  Air-heat 
with  use/application  of  gasoriiie  neaters.  (119).  Fokker  F-27 
"Friendship”.  (120).  Rcirs  Royce  "Dart”.  (121).  Holland.  (122).  I 
version  -  air-heat  using  waste  heat;  II  version  -  mechanical  action 
protectors  of  firm  Goodro.cn. 
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Page  104. 

The  given  statistical  uata  show  that  widest  acceptance  received 
the  air-heat  de-icing  system,  me  thermoelectric  system  occupies  thi 
place  following  it  and  rinds  ever  increasing  use. 

The  de-icing  systems  or  mechanical  and  physicochemical  action 
barely  are  applied  on  contemporary  aircraft  with  gas  turbine  engines. 

3.  Initial  data  for  the  design  or  de-icing  systems  the  design 
conditions  of  icing. 

The  general  requirement  for  tne  deicing  equipment  of  the 
aircraft,  intended  for  tne  transportation  of  the  passengers  and 
permitted  to  IPR  flights,  can  oe  rormulated  as  follows:  aircraft  must 
be  designed  so  also  its  de-icing  system  must  be  such  that  under  any 
conditions  of  icing  would  ns  provided  flight  safety.  This  means  that 
the  fundamental  flight  characteristics,  stability  and  aircraft 
handling,  operation  of  its  power  plant  and  operation  of  the  most 
important  instruments  must  not  seriously  deteriorate,  as  were  not 
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heavy  the  conditions  of  icing.  out  this  does  not  mean  that  it  is  n 
allowed/assumed  any  ice  aocuaaidticn  on  aircraft  components.  This 
requirement  would  be  too  neavy  ror  a  designer  and  is  virtually 
unnecessary. 

On  contemporary  aircrart  from  icing  they  must  be  shielded: 

-  the  leading  edges  or  wing  and  tail  assembly; 

-  parts  of  the  engine,  ice  formation  on  which  can  cause  damag 
or  upset  the  operation  ci  engine  (olade  of  intake  compressor  stato 
strut,  fairings,  etc.)  : 

-  the  nose/leading  edge  of  toe  air  intake  of  engine  and  all 
parts  arranged/located  m  air  intake  channel,  which  can  undergo  th 
icing ; 


-  cockpit  windows  of  tne  pilots; 

-  air-pressure  heads; 

-  all  surfaces  and  parts,  ice  accretion  for  which  and  its 
subsequent  jettisoning  can  causa  tne  damage  of  engine  and  aircraft 
controls; 
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-  the  propellers  oi  aircraft  with  the  turboprop  and  piston 
engines; 

-  drainage  branch  connections  and  air  intakes  for  the  blcwout  of 
different  instruments  and  aggregates/units. 

-  the  antennas  whose  icing  makes  the  work  worse  of  radio 
eguipment. 

Page  105. 


All  de-icing  systems  according  to  the  principle  of  their  actior. 
can  be  divided  into  twc  groups;  t u«  systems,  antiicing  (i.e.  not 
allowing  ice  formations),  and  systems,  which  remove  icing  (i.e. 
dumping  a  periodically  terming  layer  of  ice). 

It  is  obvious  that  tne  tirst  group  deserves  in  the  principle  of 
preference,  however,  the  warning  systems  of  icing  always  cannot  be 
used  for  reasons  of  str ucturai/design ,  energy  or  economic  character. 
On  the  other  hand,,  as  this  will  ot  shown  belcw,  the  systems  of  the 


elimination  of  icing  dunuy  tne  correct  selection  of  their  parameters 
are  very  effective  and  economical.  As  an  example  of  such  systems  can 
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serve  applied  earlier  ana  ntierly  described  above,  mechanical 
de-icing  system  with  inriataule  protectors. 

For  protection  from  tue  aircraft  icing  and  its  separate  parts 
the  type  of  antiicing  system  must  be  selected  always 

concretely/specifically/actualiy,  talcing  into  account  design  features 
and  possible  effect  of  icing  on  aircraft  performance  and  on  the 
operation  of  its  power  plant-  however,  for  example,  for  the 
protection  of  the  cockpit  windows  of  the  pilots  and  pitot-static 
tubes  must  be  used  only  tue  warning  systems  of  icing.  For  a  wing  and 
a  tail  assembly  usually  are  utilized  the  de-icing  systems  both  the 
first  and  second  qroup.  For  engines,  as  a  rule,  are  applied  the 
warning  systems  of  icing  witu  exception  of  these  cases  when  it  is 
possible  to  confidently  experimentally  demonstrate  that  ice  formation 
of  small  sizes/dimensiccs  on  the  parts  of  the  engine  and  then 
jettisoning  ice,  do  not  exert  ill  effect. 

But  independent  of  the  operating  principle  of  system,  it  must 
satisfy  fundamental  requirement  inuicated  above  of  the  guarantee  of 
safety  of  flights. 

What  specific  conditions  or  icing  must  be  placed  as  the  basis  of 
the  design  of  the  de-icing  system  ct  contemporary  passenger  aircraft? 
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This  question  during  long  time  was  debatable  [39],  [29],  [31], 
etc.  -  until  are  accumulates.  surncient  statistical  evidence  on  th¬ 
eater  content  of  the  supercooled  crouds,  accordinq  to  the 
sizes/dimensions  of  cloua  drops,  according  to  the  temperature  of 
surrounding  air  with  icing,  on  tne  horizontal  and  vertical  extent  o 
the  zones  of  icing.  All  tuese  aata  were  briefly  examined  in  the 
preceding/previous  chapter.  At  present  in  the  majority  of  the 
countries  with  the  develcpeu  uetwork/grid  of  lines  and  the  aircraft 
industry  officially  estacnsneu/iustalled  the  design  conditions  of 
the  icing  which  differ  iittie  rro*  each  ether. 

Page  106. 

These  design  conditions  in  proportion  to  the  storage  of  new  data 
about  aircraft  icing  in  oitrerent  geographic  areas  are  periodically 
more  precisely  formulateu. 

Let  us  return  to  Fig.  2.2,  waich  establishes  the 
connection/coamunication  oi  two  most  important  parameters  -  wat-r 
content  of  clouds  and  temperature  of  surrounding  air. 

From  the  examples  given  aoova  it  is  evident  that  the  icing  can 
reach  exceptional  force.  For  example,  in  the  case  with  aircraft 
"Vanguard"  water  content  several  times  exceeded  those  values  which 
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were  given  on  the  graph  Fig.  2.2.  It  is  possible  that  in  nature-  can 
be  encountered  the  more  severe  conuitions.  However,  this  icing  is 
extremely  rarely.  To  design  de-icmg  system  for  such  conditions 
obviously  at  present  is  nor  rational.  Therefore  the  selection  of 
design  conditions  must  re  produced  on  the  base  of  the  probability  of 
rendezvous  by  the  aircraft  of  tne  dangerous  zones  of  icing  [19].  I* 
is  possible  to  consider  taat  into  99o/o  of  cases  of  icing  at 
appropriate  temperature  of  sutrounuing  air  the  de-icing  system  must 
reliably  protect  the  prctactad  tarts  of  ice  formation  (or 
periodically  remove  it),  in  one  percentage  of  the  cases  can  be 


allowed  ice 

formation,  tut 

this  must 

not  lead  to  any 

dangerous 

consequences 

for  that  time 

interval. 

during  which  are 

possible  the 

such  severe 

conditions  or 

icing  -  to 

aircraft  must  be 

provided  the 

possibility  to  leave  the  dangerous  zone. 

Thus,  as  design  conditions  suould  be  accepted  99o/o  guantile 
(see  Pig.  2.2),  which  for  eacn  temperature  of  air  shows  that  in  99o/c 
of  cases  the  observed  values  or  water  content  were  less  than  this 
value,  corresponding  tc  curve. 

The  conditions  of  the  icing  wnich  can  be  accepted  for 
,  are  given  in  Ta  Die  7. 


calculations 
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"fable  7.  The  design  conditions  01  icing. 
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During  the  design  or  ue-xciug  syst»«  must  be  accepted  the 
conditions  on  the  water  contents,  indicated  in  Table  7,  at 
appropriate  temperature  or  surrounding  air  in  the  range  of 
heights/altitudes  to  90dU  m  w^tn  an  average/mean  (arithmetical) 
radius  of  drops  8  n«  It  suoulu  o«»  noted  that  the  statistical  da*d  c 
water  content  of  clouds,  given  in  Fig.  2.1  and  2.2,  encompass 
altitude  range  to  5800  a.  however,  the  separate  measurements  cf  wat 
content,  and  also  the  iaaauiatc  determination  of  icing  intensity, 
accomplished  at  high  altitudes,  snowed  that  the  findings  on  wat~r 
content  must  be  common  approximately  to  H00C-90C0  m.  Taxini  into 
account  the  maximum  horizontal  ana  vertical  extent  of  zones  with  t ). 
values  of  water  cortent  ludicatea,  it  is  possible  with  the  specific 
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reserve  to  consider  that  tor  a  contemporary  aircraft  the  continuous- 
stay  of  it  under  such  conditions  mil  not  exceed  1lj  min  (this  does 
not  indicate,  of  course,  that  me  auration  of  less  heavy  icing  cannot 
be  greater) . 

For  a  comparison  let  us  give  the  English  design  conditicns  of 
icing  (fable  8  f  57  ])  .  As  va  see,  tney  are  close  to  the  conditions, 
given  in  table  7.  However,  duration  of  icing  accepted  during  thf 
tests  of  aircraft  under  tnese  conditions,  comprising  30  min,  are 
excessively  large  for  areas  or  the  Soviet  Union. 

For  the  calculation  or  do- icing  systems,  and  also  for  the 
evaluation  of  the  danger  or  tne  flights  of  aircraft  una=r  the 
conditions  of  icing  accepteu  the  time  factor  plays  considerable  role. 
For  example,  for  thermal  de-iciug  systems  serious  problem  is  the 
onset  of  so-called  "barrier"  ice,  which  is  formed  beyond  the  limits 
of  the  warmed  zone  of  tne  leaning  edge  of  wing  (or  tail  assembly)  m 
a  result  of  the  runoff  ol  tne  settling  moisture  back/ago  alonq 
airfoil  chord.  The  thickness  of  this  "barrier"  ice  directly  depends 
on  the  time  of  the  determination  oi  aircraft  under  conditions  cf 
icing . 


The  recommended  design  conditions  of  icing  are  sufficiently 
rigid  both  for  the  systems  of  those  antiicing  and  for  the  systems  cf 


DOC  =  79116206 


PAGE 


those  removing  iciny.  However#  as  this  follows  from  the  given  grap 
of  the  quantiles  of  the  water  content  (see  Fig.  2.2)  an  1  as  this 
showed  the  practice  of  ilignts,  were  possible  the  more  severe 
conditions  of  icing. 
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Table  8.  English  design  conditions  of  the  icing  of  aircraft. 


')  ‘  0,8  |  20  yoo  titax) 

— iO-  .  I  0,h  20  9uoO 

—20  |  0,3  !  20  900  9000 

—30  J  0.2  j  20  900  -9000 

Key:  (1).  Temperature  of  surrounding  air.  (2).  Water  content.  (3), 
?1ear.  effective  diameter  cr  urcps.  l4)  .  Altitude  range. 

Page  108. 

Based  on  this,  for  power  plants  and  some  instruments  {connect - 
with  air-pressure  head)  must  uc  provided  their  worn  under  mor;  s  2 v 
conditions.  In  Fig.  2,2  limiting  dotted  curve  demonstrates  such 
conditions.  However,  it  is  aecesoaiy  to  consider  that  this  curve  i: 
extrapolated,  it  is  related  to  uic  specific  geographical  areas  and 
must  be  more  precisely  r crmulated  subsequently  in  oroportior,  to  * !, 
storage  of  experimental  data.  Itie  extent  of  sections  with  the  water- 
content,  which  corresponds  to  tms  curve,  apparently  will  not  acr- 
5-10  km,  i.e.,  the  continuous  determination  of  contemporary  aircrar 
under  these  conditions  will  ne  approximately  1-2  min.  English  desig 
conditions  for  power  plants  i«u  to  Table  9,  heavier,  which  reflect.*- 


apparently,  the  special  tea t ures/pecu lia ri ties  cf  flight  above  the 
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Atlantic  areas  [59]. 

In  the  examination  or  tnis  taole  it  is  necessary  to  keep  in  mir.d 
that  at  heights/altitudes  isss  man  3000  m,  the  de-icing  system  of 
power  plants  is  designeu  in  accordance  with  conditions  table  8.  Th^ 
extent  of  the  zones  of  icing  as  established/installed  following:  at 
heights/altitudes  to  90dG  m  or  condition  table  9  they  operate  in  the 
sections  with  a  length  ci  4. a  kid  (J  miles)  with  the  breaks  between 
them  also  on  4.8  kra,  moreover  anting  these  breaks  operate  conditions 
on  table  8.  At  height s/altit udes  iron  9000  to  12200  m  of  condition 
table  9  they  operate  in  tne  Sections  with  a  length  of  4.8 
intermittent  km  between  tneiu  on  Jx  km  (20  miles),  moreover  during 
these  breaks  the  conditions  ot  icing  are  absent. 

The  given  official  fcnglisn  assign  conditions  of  icing  both  for 
the  aircraft  as  a  whole  (see  ranis  8)  and  for  its  power  plants  (sa¬ 
lable  9)  they  were  developed  as  a  result  of  generalizing  the 
statistical  data,  assemcled  during  long  time  in  different 
geographical  areas.  These  conditions  were  affirmed  in  1956  by  English 
registration  control  for  guesticas  of  aviation. 


I  cMiiepiiTypa 
iiapVfKiioro /  \ 
Ho.t.iv.xa  U' 
(] 


H'l  l HOC Tl. 


CpeamiH  3<|>q>e k.- 

THRHhlti  ViaMCTp 

(Jj)  K.11IC11. 

MK 


1IM  lid  3011  llbllU! 
M 


:t(nn)  a  (mu) 
3000—8  400 
1500—9000 
4500-10700 
4500—12200 


Key:  (1).  Temperature  cf  outside  air.  (2).  Mater  content.  (3).  ,i»an 
effective  diameter  of  drops.  (U) .  altitude  range. 


Pa  ge  109. 


It  should  be  noted  that  the  common  tendency  in  the  development  of  th 
design  conditions  of  icing  consists  in  the  gradual  "weight  increase" 
of  conditions,  in  particular  in  decrease  in  the  lower  limit  cf 
temperature  of  surrounding  air.  at  present  in  the  majority  of  the 
countries  de-icing  systems  are  designed  for  the  very  low  temperature 
of  surrounding  air  from  -iU°  to  -**d°C  (comparatively  recently  this 
numeral  composed  in  all  cnly  -2d°C).  The  American  calculated 
conditions  of  icing  are  close  to  English  ones. 


During  the  years  1Sotj-l9ou  English  weather  service  carried  out 
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special  investigations  an  tne  tropical  areas  of  Africa  and  Atlantic 
[25],  [  48  ].  As  a  result  or  tnese  invest igations  was  proposed  the 
common  table  of  the  commons  or  icing,  which  encompasses  altitud-' 
range  to  18  kra  and  is  connected  u«  liquid-water  content  both  in  the 
liquid  state  and  in  the  form  or  crystals  1 . 

FOOTNOTE  >.  As  wire/con uuctor  tor  pursuance  of  research  served  the 
failures  of  engines  on  aircrart  "Britain"  with  icing  in  ice  clouds. 
ENDFOOTNOTE. 

These  conditions,  given  in^Taoit:  10,  were  discussed  on  one  of  the 
international  conferences  on  the  problem  of  icing;  however,  thc-y 
not  accepted  as  official  desigu  conditions.  It  is  obvious  that  the 
design  of  de-ioir.g  systems  according  to  these  conditions  at  this 
technological  level  they  are  irrational  task.  In  the  examination  of 
the  extent  of  the  zones  or  icing  in” fable  10,  and  also  '1,  one  should 
consider  that  the  gradation  or  zones  accepted,  apparently,  is  to  a 
certain  extent  conditional  and  cannot  be  acknowledged  strict. 
Essential  shortcoming  “fa Id  is  also  the  fact  that  in  it  it  is  not 
divided  "drop”  and  "crystal"  water  content. 
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"fable  10.  General  conditions  of  drop  and  crystal  icing. 
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3000  -  9  m 
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1.0 
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Ot  —20  io,-40 
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16 
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4500— 12  200 
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(a)  “I) 

Ot  —20  Ao  —40  i 

4500—12200 

0,5  ! 

'-^Co.iue  160 

Ot  —40  ao  —60  ■ 
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2,0 

4,8 

Ot  -  40  a.,  ‘50 

enoo  -13700 

1,0  1 

Or  —40  ao  —60  j 

6000-^13700  ; 

0,25  ! 

C-Cojet  li>0 

Ot  — 60  ao  — 80  : 

9000-18  200 

1,0  i 

4.8 

Ot  —60  ao  — 80  ! 

9000—18  200 

0,5 

/f  16 

Ot  --60  ao  —80 

9000—18  200 

0,1  i 

ly6o.aee  160 

Key:  (1).  Temperature  of  surrounaiag  air.  (2).  Altitude  range.  ( 3 ) 
General/common/total  liguid-water  content  2. 


FOOTNOTE  2.  In  the  general/comaon/total  liquid-water  content  enter 
the  water  in  the  form  cr  crops  ana  crystals,  but  not  in  the  term  o 
vapor.  ENDFOOTNOTE. 

(4).  Extent  of  zones  of  icing,  fjj  .  From.  (6).  to.  (7).  it  is  mcr' 

Page  110. 

4.  Determining  the  dimensions  or  tne  surface  of  aircraft  shielded 
from  icing. 
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The  correct  selection  or  superficial  dimensions,  protected  from 
icing,  has  for  a  designer  mgu  value  even  at  the  early  stage  of 
design,  since  this  is  connected  with  the  solution  of  a  whole  series 
of  fundamental  questions  or  structural/design,  energy  and  strength 
character  for  entire  aircrait  as  a  whole. 

Protection  from  the  icing  oi  wing  (or  tail  assembly)  must  be 
provided  on  entire  its  spreaa/scope.  As  far  as  sizes/dimensions  are 
concerned  of  the  shielded  zone  along  airfoil  chord,  then  they  are 
connected  with  the  type  cr  tue  de-icing  system  used.  If  is  applied 
thermal  anti-icing  system,  tuen  cue  protection  can  be  carried  out  by 
three  methods:  by  evapciating  tu«  entire  settling  water  during 
continuous  intense  heating,  oy  maintaining  water  in  the  liquid  statt 
on  an  entire  surface,  whicn  undergoes  wetting,  and  by  removing  ice 
during  periodic  heating.  In  all  tnree  cases  the  area  of  surface 
(along  airfoil  chord)  required  for  heating  will  be  different; 
however,  the  minimal  sizes  ot  tn^s  surface  must  be  logically  limit-?! 
by  the  zone  of  the  captuia/grip  ox  the  superceded  drops  both  for  th 
systems,  preventing  icing,  and  tor  the  systems  of  its  periodic 
elimi nation. 


The  definition  of  tne  zone  or  capture/grip  is  produced  by  the 
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method  of  solution  of  the  equations  of  motion  of  drops,  which  was 
briefly  examined  in  chapter  1.  After  turning  anew  to  Fig.  1.12,  in 
which  is  given  the  overall  aepenuence  of  the  relative  zone  of 
capture/grip  (s/b)  from  parameters  P  and  Re0  for  a  symmetrical 
Zhukovskiy  profile,  let  us  derrne  now  affect  the  size  of  zone 
different  factors  (choru  lengtn  or  profile/airfoil,  speed  and  flight 
altitude,  angle  of  attack,  size/ur tension  of  drops)  . 

Fig.  3.5  gives  the  grapn,  wmch  characterizes  the  effect  of  th- 
size/dimension  of  drops  oil  tne  zone  of  capture/grip.  As  one  would 
expect,  this  effect  is  very  cousruerable :  with  an  increase  in  the 
radius  of  drops  from  10  to  JO  p  tae  relative  zone  of  capture/grip  or. 
lower  surface  grows/rises  almost  triply. 

During  the  calculation  or  tne  zones  of  capture/grip  was  accept.e’. 
an  average/mean  effective  rauiua  or  drops  ®gual  to  15  p  (see  Chapter 
I).  It  should  be  noted  that  ia  ue  overwhelming  majority  of  the  cases 
(approximately  into  90o/o)  with  icing  are  encountered  the  drops  in 
radius  less  than  15  p;  however,  ae-icing  systems  must  b-„  designed  for 
the  worst  conditions  1 . 

FOOTNOTE  *•  The  aver age/mean  erfective  radius,  equal  to  15  p, 
corresponds  arithmetic  mean  radius  of  8  p.  During  calculations  of  t ho 
integral  coefficients  cf  settling  tor  determining  the  intensity  ol 
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icing  it  is  necessary  tc  accept  r-d  p,  which  is  reflected  under  the 
design  conditions  of  icing.  tUDFUOl'NOTE. 

For  the  most  frequently  met  size/dimension  of  drops  (r-5-7  p) 
the  zone  of  capture/grip  composes  altogether  only  2-3o/o  of  airfoil 
chord  (at  flight  speed  oOU  Km/a  ana  chord  length  4m), 

Pa  ge  111, 

The  dependence  of  tha  relative  zone  of  capture/grip  on  flight 
speed  is  given  in  Fig.  J.o.  eitn  an  increase  in  the  speed  to  200  from 
600  km/h  value  s/b  varies  from  ~U.0U  to  0.06. 

Flight  altitude,  as  tuis  loilovs  from  Fig.  3.7  in  the  range 
1000-5000  m  it  affects  the  relative  zone  of  capture/grip  to  small 
degree.  Change  in  altitude  to  6000-10000  m  leads  to  a  more 
considerable  increase  in  ratio  s/d. 

Fig.  3.8  gives  a  change  iu  tne  relative  zone  of  capture/grip 
with  an  increase  in  the  angle  or  attack.  With  an  increase  in  the 
angle  of  attack  from  0  tc  4°  zone  of  settling  on  upper  surface  is 
decreased,  and  on  lower  it  increases  approximately  doubly. 


The  dependence  of  tne  relative  zone  of  capture/grip  on  the  clord 
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length  of  prof ile/alrf oaI  rs  given  in  Fig.  3.9,  where  for  comparison 
is  placed  curve  for  the  bant  Znu*.ovskiy  profile  (at  angle  after  all, 
equal  to  zero).  As  can  be  seen  trcm  graph,  both  curves  are 
arranged/located  almost  eguidistantly .  The  relative  zone  of 
capture/grip  is  decreaseu  snarpiy  with  an  increase  in  the  chord 
length  from  1  to  3  m.  However,  during  further  "elongation”  of 
profile/airfoil  ratio  s/n  cnanges  insignificantly. 


The  given  graphs  show  tnat  to  the  zone  of  capture/grip  most 
considerably  affect  the  size/uiaension  of  drops  and  angle  of  attack. 


For  the  evaluation  ci  the  errect  of  the  form  of  profile/airfoil 
(its  curvature,  thickness  ratio,  location  of  maximum  thickness)  let 
us  examine  the  additionally  given  along  other  profiles/airfoils.  Fig. 
3.10  gives  comparison  fcr  two  symmetrical  profiles/airfoils  with 
identical  thickness  ratio  (1bo/o)#  but  with  different  values  for 

(K»=6b0 

one  and  the  same  conditions  nm/h,  H=5000  m,  r=15  p,  a=4°)  . 
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Fig.  3.5.  Dependence  of  the  relative  zone  of  the  capture/grip  of 

drops  s/b  on  a  radius  ci  drops  r  ior  lower  surface  of  15o/o  cf 
symmetrical  Zhukovskiy  pronle. 

Key:  (1)  .  km/h.  (2) .  p. 

Fig.  3.6.  Dependence  of  relative  zone  of  capture/grip  of  drops  s/b  on 
flight  speed  V,  for  lower  surrace  of  15o/o  of  symmetrical  Zhukovskiy 
profile. 

Key:  ( 1)  .  p.  (2)  .  ka/h. 

Page  112. 

Profile/airfoil  N kCk  65*-0.  15  (ic  =  40%)  has  the  large  relative  zonr  cf 
capture/grip,  than  zhukcvshiy  profile  (xc  =  25%)  over  lower  surface. 

With  an  increase  in  the  cnord  length  this  difference  is  decreased. 


n 
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Fiq.  3-11  gives  data  tor  tne  rover  surface  of  four 
profiles/airfoils: 

symmetrical  Zhukovskiy  profile  (c=I5%,  ,rr  =  25%); 

the  symmetrical  prciiie/aiitoil  NACA  652~  0. 1  o  (f  =  15%.  jc  =  40%  ); 

curved  profile  NACA  - 23015  (<•  =  15%,  f,.=30% ): 

curved  profile  NACA  6-V-2I2  (r=  12".,,  f,=40%). 

As  is  evident,  the  relative  ione  of  capture/grip  depends 
substantially  on  the  form  or  pxctile/airfoil;  however,  at  the  chord 
length  of  more  than  3  m  ia  ail  cases  does  net  exceed  lOo/o. 

Graphs  in  Fig.  3.  Id,  3.11  and  3.12  allcw  fer  profiles/airfoils 
close  in  form,  to  define  the  zone  of  the  capture/grip  of  drops  wi~!. 
precision/accuracy  sufficient  fox  practice  depending  on  the  chord 
length  and  flight  speed.  Tne  definition  of  the  zone  of  capturs/qrio 
for  the  bodies,  which  essentially  differ  in  form,  must  be  produced 
solving  the  differential  equations  of  motion  cf  drops  or  with 
experimental  methods. 
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The  calculation  of  tue  zone  01  capture/grip  can  do  perfc 
accenting  height/alt it uue  constant  (H  =  S000  m)  for  t ho  vilu-s 
and  angle  of  attack,  that,  encom^as.*  the  climb  regimes.  Level 
and  r eduction/lascent .  Hi  uio  cao  =  out  should  consider  that 
contemporary  nassenger  ancrarr.  uic  calculated  case  ai->  rroju 
the  conditions  of  descent  aud  lauuing  approach  wh^n  icing  coi 
prolonged  (its  cannot  te  uvoiaeu  in  practice),  and  engines  wo 
light  rating,  which  makes  tne  operation  worse  of  tne  de-icing 
which  uses  air  frem  ccBpreoso^s. 
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Pig.  3.9.  Dependence  of  relative  ione  of  capture/grip  of  drops 
airfoil  chord  b  for  15o/c  sy  mni<=  trxcal  and  bant  Zhukovskiy  prof: 


Key:  (1).  km/h.  (2).  m«  (i)  •  curveu  prof  il  e/a  ir  toil  (upper  sur: 
(4).  Symmetrical  profilt/a.i  ron. 

Fig.  3.10.  Dependence  cr  relative  rone  of  capture/jrip  of  drops 
on  airfoil  chord  b  for  s ymuietricax  Zhukovskiy  profiles  and  f.’AC A 
6S  2 -0 1 5 . 


Key:  (1).  km/h.  (2).  p.  .  symmetric.  (4).  symmetrical  Zhukov 


profile.  (5).  Lower  suriace.  (oj  .  Upper  surface. 
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Fig.  3.11.  Dependence  cr  r'eadtive  zone  of  capture/  ;rip  ot  drop.'  '/ 

on  airfoil  chord  of  Zhu*cvbiuy,  65?-013,  NACA-23013  ar.J  W  ' 

63  t -2 12. 


Key:  (1).  Km/h.  lower  surface.  {*.)  .  symmetrical,  (3).  symmetric.! 
Zhukovskiy  profile.  (4).  unsyuimtttxc.  (3).  unsynuretric. 

Fig.  3.12.  Dependence  or  relative-  tone  of  capture/grip  of  Iron- 
on  chord  length  of  prof ue/airiou  ( b )  for  different  flight  ?r>  ■ 

Key:  (1).  ,p.  (2).  km/h.  i  ij  .  surface.  (4).  Upper  surfae~. 

Page  114. 


Let.  us  examine  the  ex^nioiital  data  on  the  zones  of  ict 
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accuiulAtion,  obtained  during  tdic  flights  under  conditions  of 
natural  icinq.  These  data  give  tn<=  possibility  to  check  the 
precision/accuracy  of  t neotct real  calculations  and  are  of  int^r 
also  because  is  consideLea  the  eiuct  of  the  spread  of  irops,  w 
occurs  under  some  condition^  ana  w a ic h  is  net  taken  into  attent 
during  calculations  of  uid  trajectories  cf  drops.  Table  11  q  i  v-- 
results  cf  zone  measurements  of  tn<=  deposit  of  ice  over  the  upp 
surface  of  wing  and  stabilizer  cr  the  aircraft  of  11-14,  11-16, 
Tu-104,  Tu-114  (as  we  set  tne  siz^/dimensien  cf  the  cord  of 
profile/airfoil  it  changed  witmr.  large  limits). 

Measurements  were  conauctea  in  lev°l  flight  or  reduction/a 
at  speeds  280-450  km/h  ana  at  tuc  neight  s/altitudes  less  ti.ar  5 

The  data  table  11  show  taut  aimost  in  44c/o  of  cas^s  th“ 
distribution  of  ice  did  not  exct<=u  5.  5o/c  of  airfoil  chord.  In 
of  cases  it  composed  5.5-o.jc/o  oi  chord  and  only  in  all  in  two 
from  140  (which  composes  1. 4 jo/o)  was  observed  ice  accumulation 
the  section  8- 1 Oo/o  airicii  cuora. 

Thus,  experimental  uata,  in  s^ite  of  their  limitedness, 
satisfactorily  they  are  ccuvergeu  with  theoretical  ones. 
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duct/contour  of  curved  profile  MAC  A  66,-212.  <»'  -ho»  b-  4.75  .«>.  1  - 

H=  300  0-6  0  00  a,  m  tca/n,  •/.-P.v))  -■»  p  (aode/cond  it  ions  of 
reduction/descent);  2  -  H=yi)Q0  a,  '**’  km/h  rf-/ .j*=is  p  (cruise). 


Key:  (1).  Lover  surface.  (2).  uptei'  surface. 

Fig.  3.14.  Dependence  or  neat-transfer  coefficient  at  critical 
of  wing  of  aircraft  of  iu-104  on  flight  altitude. 

Key:  (1).  cal/cro  2*s°C.  (i)  .  xi/h. 

Page  116. 


The  maximum  propagation  or  ice  over  the  upper  wing  surfac 


no  c  =  7  n  1 162  06  faoc: 

taking  into  account  the  spreading  cf  drops,  recorded  on  the  aircr.i!" 
of  11-18,  did  not  exceed  lOo/o  ot  airfoil  chord  (-400  mu) .  It  shoul  1 
be  noted  that  in  Table  11  are  connected  only  those  cases  when 
measurements  were  conducted  witn  tne  aid  of  special  attachments.  T 1.  - 
large  number  of  observations,  made  by  the  author  incidentally  while 
conducting  of  the  various  Kinds  or  experimental  and  research  f  1  i  j h - -s , 
also  shows  that  the  zone  or  ice  accumulation,  as  a  rule,  does  not 
exceed  5-6j/chords. 

In  one  cas°  (on  the  aircrait  of  An-24)  was  observed  ice 
formation  in  the  very  large  zone  or  the  lower  surface  of  wing  (•‘■o 
25-30o/o  of  chord).  This  case  was  clearly  connected  with  the 
spreading  of  the  water  caugat  into  wing.  Ice  formation  with  th-.-  larg* 
width  of  the  ca pture/g rip  ot  wing  chord  usually  occurs  at  high 
temperatures  of  surrounding  axr  wnen  de-icing  system  comparatively 
easily  manages  the  protection. 

After  feeding/conducting  sums  it  is  possible  to  draw  the 
conclusion  that  the  minimum  value  of  heating  surface  for  a  wing  and  a 
tail  assembly  with  the  prol iles/airf oils,  used  at  present  on 
passenger  aircraft,  must  compose  o-IOo/o  of  chord. 

Besides  the  zone  or  rce  accumulation  to  designer  it  is  important 
to  Know  icing  intensity  cn  tne  auct/contour  of  profile/airfoil,  which 
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is  characterized  by  the  local  coerricient  of  settling  In  addition 

to  Fig.  1.11  (see  Chapter  I)  iet  us  examine  as  it  changes  the  local 
coefficient  of  settling  E,  in  the  duct/contour  of  curved  prefile 
NACA  65j-21 2  with  the  chord,  the  a^ual  to  4.75  m,  which  has  t  hick  :i'ss 
ratio  12o/o  and  thickness  distance  to  40o/o  of  chord,  for  the 
following  two  cases:  1)  by  d=Jo0Q-6000  a  V'„C1=560  ka/h,  mode  of 
reduction/descent  dcp3it=20  2)  H=9000  a,  KHCT  =  800  ka/h,  cruise, 

33  1 5  u. 


HP***'*5" 
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""jtable  11.  Experimental  data  according  to  140  observations  about  ■‘•h.c'- 
zone  of  ice  accumulation  on  me  up^-er  surface  of  wing  and  stabiliz>-: 

in  o/o  of  chord. 


0) 


3oHa  3d\BaTa 
b  %  xopaw 


C  OO.UMfHC 

4Jin  aam 
jjx 

$  Ku.M'i  jrnin 


10110111111 
a -1«  UHHOH  lOHbl 

laxaara 


,  J°  W 

_  l 

!  /I) 

50 

'Or  1  uo  2,5 

_  H 

33  : 

23,6 

Ot  2,5  ia  4,5 

!  19 

13,55 

Or  43  if  5,5 

9  1 

i  J 

6,42 

Ot  5,5  M  6,5 

5,’J 

Ot  8  i$  10 

1  2 

1 .43 

) .  Zone  of 

capture/grip 

into 

s  zone  of 

capture/grip. 

(3)  . 
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Fig.  3.13  gives  for  two  cases  indicated  the  graphs  which  ar- 
constructed  according  to  the  data  of  work  [38]  and  are  related  to 
passenger  aircraft  with  tour  engines  TRD  [  TP,X  -  turbojet  engine], 
gross  weight  -67  of  t  ana  in  span  of  wing  -48  n.  From  graph 
evidently,  the  zone  of  capture/gnp  maximally  reaches  4o/o  (over  * !.  ' 
lower  wing  surface  in  the  seconu  case). 


The  determination  ot  tne  local  coefficient  of  settling  for 
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different  points  of  pronics/air roil  is  the  fairly  complicated  an  i 
labor-consuming  work,  waxen  requires  the  solution  of  the  dif f or ~ *■ i al 
equations  of  motion  cf  drops,  in  cue  first  approximation,  for  solv::,'; 
some  practical  tasks  it  is  possioie  to  recommend  the  following  simple 
method. 

At  first  is  constructed  grapn  /;,=/(<  6)  for  value  of  P  =  -,  i.e., 
the  trajectories  of  drops  are  received  as  the  rectilinear  ones  (lot 
us  recall  that  £  (  =  Mil  Si,  where  an  -  distance  between  adjacent 
trajectories  in  the  undisturbed  region,  and  a/  —  distance  on  the  arc 
between  the  points  of  intersection  of  these  trajectories  with  th- 
duct/contour  of  prof ile/air toxi) .  For  plotting  of  this  dependence  is 
traced  to  scale  the  prctiie/air roil  with  the  grid  of  straight  paths 
and  graphically  are  determined  relations  A ,/i/V  for  different  valu-s 
of  s/b  (at  critical  poiut  £1==i)  then  is  constructed  the  graph, 
analogous  Fig.  1.11.  After  this  to  graph  will  be  deposited  three 
points  for  the  required  conditions  (for  concrete/specific/actual  P 
and  Re0)  .  The  first  point  corresponds  £1mai  and  it  is  determined  fren 
Fig.  1.8,  in  which  is  given  tne  dependence  cf  local  coefficient  on 
parameter  P  for  a  critical  poiut.  Two  round  points  correspond  £.,  =  o. 
i.e.  are  determined  the  zones  or  capture/grip  s/b  by  lower  and  upper 
surface.  The  zones  of  capture/grip  can  be  defined  by  graph/curv<= 

(Fiq.  1.12),  and  also  on  cue  graphs,  given  in  present  paragraph. 
Having  three  points  indicated,  it  is  possible  to  conduct  through  tlr-m 


•re  .mu 


iff  WWW 


iff 
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curve,  following  the  character  or  that  arranged/located  of  above-  tt.  ' 
curve,  constructed  for  value  or  P-=-.  As  a  result  will  be  found 
dependence  ZT.,  =  / (s/6)  for  this  prome/air  f  oil  and  prescribed/assijne i 
conditions.  Thus,  utilizing  uata  regarding  the  local  coefficient  of 
settling  at  the  critical  point  ct  profile/airfoil  and  in  the  zones  of 
capture/grip,  it  is  possiule  to  approximately  determine  the 
distribution  of  local  cceincient  in  the  duct/contour  of 
profile/airfoil. 

5.  Equation  of  heat  balance. 

Let  us  examine  the  equation  or  heat  balance  for  the  wing 
surface,  which  undergoes  icing.  To  this  question  was  devote  th«- 
considerable  number  of  worrs  or  tae  foreign  {Hardy,  Tribus,  Messinooi 
etc.)  and  Soviet  (A.  S.  Zuyev,  1.  i.  Mazin,  E.  Kh.  Tenishev  et  al.) 
researchers. 

In  general  heat  transfer  on  tne  wing  surface  in  steady  proers:- 
is  composed  from  the  following  eleaients/cells : 

Q,:  -  the  heat,  selected/taxen  from  surface  as  a  result  cf  th-- 

convective  heat  exchange. 

Pag®  117. 
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y,lu  heat,  selectcd/taKeD  rrom  surface  and  which  goes  f  ci 
heating  of  the  settling  cn  it  drops  of  water  {from  ambient 
temperature  to  temperature  surrace)  ; 

Qncu—  heat,  selected/takcu  rrcm  surface  as  a  result  of 
evaporating  the  depositeu  ou  it  arops  of  the  water; 

Qmx—  heat,  selected/taKeu  from  surface  as  a  result  of  th* 
radiation/emission; 

^T.np-heat,  selects u/tuKen  rrom  surface  as  a  result  of  the 
thermal  conductivity  of  wing  construction; 

Qc -  heat,  applied  to  surlace  as  a  result  of  compression  and 
friction  of  its  washing  air  riow  (Kinetic  and  viscous  heating); 

Qa.i  —  heat,  applied  to  surrace  as  a  result  of  the  liberation  o 
latent  heat  of  fusion  witn  tat  rteezing  on  it  of  the  deposited  drop 

of  the  water; 

Qw—  heat,  applied  to  surface  as  a  result  of  the  transformer! 
of  kinetic  energy  of  the  drops  of  water  into  thermal  with  th^ir 
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iapac t/shock  about  the  surrace; 


Qnoc  —  heat,  applied  to  surrace  from  de-icing  system. 


Since  is  examined  steady  process,  when  on  surface  is 
astablished/installed  Certain  equilibrium  temperature,  then  the  sum 
of  all  quantities  of  heat,  applied  and  afcstracted/removed  from 
surface,  must  be  equal  tc  zero. 


Let  us  agree  to  consider  tn=  neat,  applied  to  surface,  pcsi*iv--, 

and  abstracted/renoved  from  it  -  negative,  then 

—  'Qk  Qh.b— Qkca  Qii:i.t  —  Qrnp~  Qt  ^  Qn  1  —  Qn,  “  Qnoc  =  0.  I  A I 

In  the  equation  given  above  instead  of  quantity  of  heat  Q  it  is 

more  expedient  to  examine  tor  eacn  term  of  aquation  the  heat  transf  u 
rate  q,  which  determines  me  quantities  of  heat,  passing  through 
unit  of  surface  per  unit  of  time. 


At  subsonic  flight  speeds  on  the  radiation  heat  losses  it  is 
possible  to  disregard,  i.e.,  In  the  majority  of  the  cases  t; 

heat  flux,  caused  by  thermal  conductivity,  also  is  very  low  in 
comparison  with  other  terms  of  equation,  since  the  gradients  of 
temperature  over  the  wing  sucrace  are  usually  snail  (q^r^0). 


Taking  into  account  tne  aforesaid,  we  will  obtain 

—  Qk  Qh.»  ^Hcn'hgc  ~t~Qrr.i  +  Qn; ~h  Qnor  =  0.  (  6 ) 


wri— i»inu,im>i 


mm*’ 


V'P'j’- 


DOC 


79116206 


P  A  G  l  ^J||p  I 


Let  us  examine  as  it  is  uetar mined  each  of  the 
conponen ts/ter ms /addends  of  equation  R. 

Page  118. 


According  to  Newton's  known  formula 

7 .  =  a(As—  Ik).  (3.1) 

where  a  -  heat-transfer  coeniciwot  in  cal/ca*»s*°C;  ts  — 
teaperature  of  surface  in  °C ;  teaperature  of  the  undisturbed 

flow  in  °C 

/,),  (3.2) 

where  »u.  aass  of  the  water,  wnich  settles  per  unit  of  surfac-:  :>:r 
unit  tiae,  in  g/ca*s;  <•„-  i  ...  specific  heat  of  water  in  cal/g°c 


*/  nf  M 


Ip./ 


(3.  3) 


where  imi:  latent  heat  or  vaporization  in  the  cal/g;  -0.24- 

specific  heat  of  air  with  constant  pressure  in  cal/g°C;  ‘\  — 
saturating  vapor  pressure  at  teaperature  ts  in  ab.  ;  ?cm  -  saturating 
vapor  pressure  at  teaperature  in  ab.  ;  —  pressure-surrcund  in g 

air  in  mb. 


Poraula  for  the  heat  am,  spent  on  the  evaporation  of  water,  is 


to 
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based  on  analogy  of  the  ^L'oc^  or  evaporation  and  convective  h-  i* 
exchange.  In  different  wcrxs  i.12j,  [46],  [59]  are  given  somewhat 
different  from  each  ether  or  tne  expression  of  this  formula.  Ir.  f :  . 
case  is  accepted  the  formula,  proposed  in  work  [12]  *: 

«•+> 

where  r  -  a  recovery  factor  (dimensionless)2;  \\  speed  of  tne 
undisturbed  flow  in  cm/s;  J=4.1a«1u7  -  mechanical  heat  equivalent  it 

g*cm2/s3  cal.; 

Vi. .  ■  --"uLn.1.  v3. 

where  latent  heat  of  rusion  in  the  cal/g 

/ ,, ,  79.7 Ka'}  03, 

‘/,k  "t,  l,J  •  (3. 6>  * 

Key:  ( 1)  .  with. 

FOOTNOTE  *•  Sometimes  fer  larger  precision/accuracy  in  formula  (3.1) 
instead  cf  values  of  P  ana  eu  are  given  the  corresponding  lccal 
importance  of  these  values  on  the  boundary  of  boundary  layer. 
ENDFOOTNOTE. 

FOOTNOTE  2,  Recovery  factor  characterizes  the  degree  of  the 

,  t „ 

transformation  of  kinetic  energy  into  thermal  /  .  where 

surface  temperature  in  the  ansence  of  heat  exchange  between  body  and 


a 
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airflow;  •'  teiperatuie  or  au  j.t  it  was  completely  brake!.  1  r: 
work  (46]  the  recovery  motor  r  is  taker,  as  as  constant  ani  equal  -,  > 
0.  87S  (as  the  aveiaye/ieoii  vaiiie  ustween  0.85  and  0.40  respectively 
with  laminar  and  turbulent  rlowj.  tKDFCCTNCTE. 

Page  119. 

It  should  be  noted  tuat  tms  neat  flux  they  frequently 
disregard,  since  the  quantity  ot  neat,  which  is  isolated  as  a  r--s  i  It 
of  transfer  of  kinetic  energy  oi  urops  into  thermal,  is  cons  id-'  r  i  r y 
lower  than  the  heat,  determined  uy  other  terms  of  equation. 

Let  as  examine  the  case  wner  the  temperature  ot  surface  ir 
higher  than  zero  t/s>0),  wha.cn  occurs  in  working  thermal  continuous 
de-icing  system. 


The  equation  (B)  of  signs  t he  form 

,,  <?noc =  +  "r  Qnm  fr  </" 

Will— 1 u, 

since  freezing  is  absent)  . 


rn 


1 3.  71 


DOC 


791 16206 


FACc,  JtSV 


Let  us  introduce  in to  equation  expression  for  the  mass  cf  i, 

water 

where  T  -  an  integral  local  coefficient  of  settling  (diinor.sicnies 
W  -  wa*  er  content  in  g/cmJ . 


Then 

0,628 -iMC,  '•‘  I 

^  \  P„  1  'Urv  ' 

1  j  1-2  1 

j.  id.M 

Equation  (1.8)  makes  it  possible  to  determine  calorific 
requirement  for  protection  rroiu  icing  under  the  prescri bed/assi gr. 
specific  conditions  when  on  tne  shielded  surface  settle  th^ 
supercooled  drops.  If  fxignt  occurs  in  the  medium,  which  contain, 
crystals,  then  in  equation  (C)  ana  respectively  in  equation  (1.8) 
must  additionally  enter  ten  q-,..  nut  with  opposite  sign,  since  h  • 
will  characterize  the  heat,  selected/taken  frem  surface  for  me l^i 
of  the  settling  crystals. 

The  equation  of  heat  oalance  tor  ice  crystals  when  take 
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the  form: 

^rioc  =  </h  T  (/ii  i-  o  ~r  Quca  t  ^it.i  Vt 

Instead  of  ter*  v»u  into  equation  (D)  enters  ter*  which 

determines  the  heat,  seiected/tak=n  from  surface  for  heating  ci 
settling  crystals  from  aauisnt  temperature  *o  0°c,  and  the  hea*  , 
selected/taken  for  heating  of  the  water  formed  after  the  tnawir  ; 
crystals  from  0°C  to  temperature 

Page  120. 


Comparing  equations  (C)  and  iu)  ,  it  is  net  difficult  to 
fhe  requirement  for  heat  for  protection  from  ’’crystal"  icing  is 
*han  in  the  cas°  of  "drep"  witn  tae  identical  content  per  uni*  c 
volume  of  air,  liquid  water  aau  crystals  with  other  equal  coni:* 


After  substituting  iu  equation  (D)  the  appropriate  express! 
for  its  terms,  we  will  cLtaia 


or 


</...  ’<  in  r  I  w,iki11  /.)  -{  /«,<•„ i/v  1M-I- 


n.ir.N  l 


11(11  I'  '.s  "  I 


,  1  -  '  ■ 
mj.n,  u  m, 

Hi-,,  u.>./ 


cn 

-  (< 


MCM  /  *’r  c  I  f  . 


r  l  - 


O  c  t  . 


‘J-  L„ 


1J 


In  equations  (3.9)  and  (j.  10) 


id.  y> 


Id.  10) 


the  *ass  of  the  ice 
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crystals,  which  settle  rer  unit  or  surface  per  unit  tue  in  g/c v.r 

lt"1;  -  "crystal"  water  content  in  g/ca3;  c«—  the  heat  capacity  of 
crystals  (ice)  (c,,— 0,43  cal/y«°C. 

Utilizing  formulas  (J.dj  ana  (3.10),  let  us  define  how  chc ; 
quantity  of  h^at  requireu  ror  protection  f re®  icing  in  the  first 
in  the  second  case  with  a  cuange  iu  the  speed,  flight  altitui^,  *• 
content  and  temperature  or  surrounuing  air.  In  this  case  let  us 
consider  that  the  deposition  oi  crystals  occurs  just  as  drops,  i. 
that  the  integral  coefficient  or  settling  is  identical  in  tha*  .u. 
circle  the  case 

FOOTNOTE  l.  Tnis  assumption  Can  ue  accepted,  since  the  smaller 
specific  gravit y/waight  cr  ice  crystals,  in  comparison  with  drops 
compensated  by  their  high  si z<= s/uimensio ns  (see  page  45). 

ENDFOOT  NOT  E. 

Calculation  let  us  conauct  roi  the  critical  point  of  the  w; 
aircraft,  in  the  cross  sectiou  wnere  the  chord  is  equal  to  4  m.  F 
determining  the  heat-transrer  coetricient  we  will  use  the 
experimental  graph,  given  j.n  Fig.  1 4  2 . 

FOOTNOTE  2.  Granh  is  ottaineu  as  a  result  of  the  flight  experim-n 
carried  out  on  the  aircrart  or  Tu-  104.  E  NDFCCTNCTE. 
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The  temperature  of  surface  xec  ua  rake  as  equal  to  ♦10°c. 

The  results  of  calculation  are  represented  in  Fig.  3.  IS—.?.  10 

As  we  see,  with  an  increase  in  the  velocity  of  flight  the 
calorific  requirement  win  increase  (cm  Fig.  3.15). 

Page  121. 

However,  in  the  case  of  ur op  icing  curve  V.ioc =/(  l*,)  reaches  maximum 
speel  ~60 0  km/h,  and  tuen  requirement  for  beat  they  are  decrr.i 

as  a  result  of  the  a  mp  li  nca  tiou  or  kinetic  heating.  In  the  cas- 
the  crystal  icing  of  this  phenomenon  it  is  not  observed,  since  th 
supplementary  heat,  spent  on  melting  of  crystals  (term  ?«..),  exceed 
the  heat,  which  is  isolateu  as  a  result  of  compression  and  fricti 
of  air  flow  -  the  requirement  ccr  neat  with  an  increase  in  the  so 
continuously  th^y  increase.  Un  the  other  hand,  the  graph  shows  th 
also  with  drop  icing  the  quantity  of  heat,  required  for  maintaini 
the  temperature  of  surface,  equal  to  ♦10°C,  composes  at  flight  so 
800-1000  km/h  the  still  si^mr  leant  magnitude. 


In  Fig.  3.16  it  is  snowu  now  change  the  individual  terms  of 
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equation  of  heat  balance  wi tu  an  increase  in  the  speed. 

Change  in  altitude  ot  ingot,  aas  smaller  effect  (Fig.  J.17) 
This  is  explained  by  the  tact  tnat  an  increase  with  the 
height/altitude  of  the  quantity  or  heat,  selected/taken  from  sui¬ 
tor  the  evaporation  cf  water,  is  compensated  ty  the  decrease  ct 
heat-transfer  coefficient. 

The  temperature  of  surrounding  air,  as  this  follows  from  Fi 
3.18,  has  great  effect  cn  tne  value  of  calorific  requirement, 
moreover  increase  q  witn  a  temperature  rise  fer  drop  icing  is 
significantly  more  than  lor  crystal.  Be verse/in ve rse  picture  is 
observed  for  dependence  y=r  (*)  (rig.  3.19).  With  an  increase  in 
water  content  the  requirement  rcr  heat  in  the  case  cf  drop  icim 
grows/rises  considerably  less  than  in  the  case  of  crystal,  which 
connected  with  the  effect  ot  ter*  9™,  which  in  the  equation  cf  h 
balance  for  flight  in  water  cloud  is  absent. 
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Fig.  3. 15.  Dependence  ot  calorific  requirement  on  flight  spe 

crystal  and  drop  icing. 

Key:  (1).  cal/cm2  s.  (2).  Crystax  xcing.  (3).  Drop  icing.  (4 

Fig.  3. 16.  Dependence  or  neat  transfer  rates  cn  flight  speed 
icing. 


Key:  (1).  cal/cm2  s.  (2; 


MD/n.  1.3).  g/m 3 


Fig.  3.17.  Dependence  ct  calorific  requirement  on  the  altitud 

flight  fcr  crystal  and  dio^  icing. 

Key:  (1).  cal/cm^s.  (2).  tia/n.  (J)  .  Crystal  icing.  (4).  Drop 

Fig.  3.18.  Dcp=ndence  oi  caj.oi.inc  roquir  =  ment  cn  tenperatur- 
surrounding  air  for  crystal  ana  arop  icing. 
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Fig.  3. 19.  Dependence  oi  calorinc  requirement  on  water  content  ot 
clouds  for  crystal  and  urop  icing. 


Key:  (1).  cal/cm2s.  (2).  Km/h.  ti)  .  Crystal  icing.  (4).  Drop  irinj. 
(5).  g/m 3, 


Page  123. 


The  dependence  of  caioritic  requirement  cn  water  content  and 
temperature  of  surrounding  air  unaer  the  design  conditions  or  icing 
accepted  is  given  in  Fig.  J.tJ. 


Graph  for  convenience  is  constructed  in  system  of  practical 
units.  As  we  see,  calorific  requirement  for  the  most  severe 
conditions  of  drop  icing  --30° l',  =  g/m3»  H  =  9000  m)  reach  v-ry 

high  values  of  ~19000  kcai/m**n  (tor  the  section  of  surface  near 


V 


,  UWJ  IUUI 
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critical  line)  . 

For  a  comparison  vita  tn=  obtained  results  let  us  jive  the 
graph,  borrowed  from  vcrX  pzb],  wmch  shews  change  in  dependence  o 
the  rate  of  necessary  quantity  ci  neat  for  maintaining  the  surface 
free  from  ice,  under  conditions  01  drop  and  crystal  icing.  Graph  i 
constructed  for  the  critical  point  of  the  cylinder  with  a  diameter 
50  mm.  In  the  work  indicated  tnere  is  not  the  information  about  th 
in  what  way  constructed  grapn  -  calculation  or  experimental.  Howev 
the  character  of  curves  and  tue  significant  figures  of  values  of 
sufficiently  close  to  octaineu  are  above  (Fig.  3.21).  It  should  b 
noted  that  the  ptecision/accucacy  of  the  calculation  of  calorific 
requirement  considerably  depends  on  the  precision/accuracy  of  tl. ' 
determination  of  the  heat-transfer  coefficient  a,  which  is  the 
complex  function  of  a  wncie  series  of  variable/alternating  [15],  r 
approximate  computations  u  it  is  possible  the  wing  leading  edg-  to 
replace  by  the  semicylinuer  of  tne  same  sizes/dimensions,  and  the 
upper  and  lower  wing  surfaces  to  consider  as  the  flat/plane  wall, 
heat  emission  for  which  is  determined  comparatively  simply. 

Heat- transfer  coefficient  depends  cn  the  state  cf  Doundary  layer  o 
the  wing  surface,  that  also  always  it  is  possible  accurately  to 


determine 
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conditions  of  drop  icirg. 

Key:  (1).  cal/m?«h.  (2).  *w/n.  i  J)  .  g/m3. 

Fig.  1.21.  Dependence  c t  icing  required  for  prevention  of  quant 
heat  on  rate  tor  leading  edge  or  cylinder. 

Key:  (1).  cal/ctnzs.  (2).  Crystal  icina.  (3).  Drop  icing.  (4).  k 
(5).  n •  (6).  g/m3. 

Page  124. 

The  presence  of  water  on  tne  suitace  causes  the  shift  forward  o 
transition  point  of  laminar  boundary  layer  into  turbulent.  For 
contemporary  high-speed  aircraft  the  heat-transfer  coefficient 
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usually  is  determined  ftcm  propagation  condition  for  turbulent 
boundary  layer  to  entire  o*.  large  part  of  the  wing  surface  in 
question. 

As  show  investigations,  great  effect  on  heat-transfer 
coefficient  is  exerted  rate  and  alight  altitude.  The  temperature 
effect  of  surrounding  au  can  tie  aisregarded/neglected. 

Besides  the  case  examined  arove  when  fs~>0,  the  equations  giv-=\ 
above  make  it  possible  tc  ueteruiine  heat  fluxes,  also,  with  other  two 
cases  when  the  temperature  or  surtace  is  negative  oi  equal  he  zero. 
When  is,  o,  which  is  of  practiced  use,  in  particular,  for  the  de-loir.  j 
systems  of  periodic  action,  it  is  necessary,  cbvicusly,  to  ccnrii-. 
the  heat,  applied  to  surtace  as  a  result  of  the  lineration  cf  la*  •  r  * 
heat  of  fusion  (when  supercooled  liquid  settles  and  passes  into  rrli 1 
state  with  0°C)  ,  and  the  neat,  given  up  surface  by  formed  ice  (*h-:. 
it  is  cooled  to  temperature  ys)  ‘ 

6.  Thermal  continuous  de-icing  systems. 

The  calculation  of  thermal  continuous  de-icing  system  (wainin-i 
system  of  icing)  frequently  is  performed  to  the  prescribed/a  ssig  :i  -  i 
temperature  drop  which  is  determined  by  the  difference  betwesn  *.h- 
temperature  of  heating  surface  and  the  temperature  of  surrounding  iir 


feta 
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with  fliqht  in  so  that  c<uita  "dry"  air  (out  of  clouds). 

Fundamental  requi  raaiant  rot  thermal  continuous  system  lies  in 
the  fact  that  to  «arn/pieveht  tne  icing  of  the  shielded  surface,  i-.  ; 
also  not  to  allow  the  appearance  or  a  considerable  layer  of  ice 
beyond  the  limits  of  the  warmed  rone  (so-called  "barrier"  ice). 

Arises  the  question,  suen  as  rs  required  the  temperature  drop  n. 
the  "dry"  air  for  preventing  xcc  rormaticn  cn  the  leading  edg?  of  ra¬ 
wing  of  aircraft  in  flight  or  it  under  the  design  conditions  cf 
icinq. 


The  method  of  the  evaluation  of  thermal  de-icing  systems 
according  to  the  temperature  cnaracteristics ,  determined  in  fliah- 
out  of  clouds,  is  based  oa  the  solution  of  the  equation  of  hsaf 
balance  described  above. 

Page  125. 


Smallest  quantity  of  neat  which  is  required  for  the 

prevention  of  icing,  will  ooviousxy  be  at  temperature  of  surface, 
close  to  zero  -r0  )  ». 

FOOTNOTE  ».  Strictly  speaking,  if  o,  then  in  the  equation  cf  h^a- 
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balance  must  be  introduced  ter*  /■< « •  since  the  freezing  of  ligui 
already  occurs.  RNDFOOT NCi'ii. 


After  substituting  intc  roraula  IJ.8)  - .. -n.  let  us  have: 


ft.  *28 fi(lT,  -et  .  \ 

rV 

A 

11, 

v-. 

-)-  E  ye  l  „rB  t  -o  - 

2J> 

Utilizing  this  expression  for  can  be  deter mined,  how, 

temperature  of  the  shielded  surtace  in  flight  in  "dry"  air  must 
exceed  the  temperature  or  surrounding  air  in  crd^r  under  ccnd:*- 
of  icing  to  avoid  ice  formation. 


In  flight  in  "dry"  ait  y. -</, .  and  the  equation  (C)  t 


the  fore 


V  noc  'Vk  *7e  ® 


where  tg.  t ^  —  respectively  tne  temperature  of  surface  and  the 

temperature  of  air  in  fiignt  out  or  clouds. 


By  equating  the  first  ana  second  expression  for  let  us 


•>  /• 


.  ro- 


I A  1  A\ 


determine: 
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Thus,  the  required  tdmpdiatuic  drop  in  "dry"  air  A*  depends 
the  series/row  of  the  p  araine  te  rs,  into  which  enter  the  teraperatu 
air  under  conditions  of  iciug,  water  content,  fliqht  speed,  qeoj 
characteristics  of  the  siaeidaa  profile/airfoil  and  size/d i men.- i 
drops  (determined  by  value  £> ,  etc. 

Introducinq  in  euuatxou  (d.lij  desiqn  conditions  accoriir.  : 
water  content  and  fQ  jpeiauite,  it  is  possible  tc  ootain  for  ear; 
concr  ete/specif  ic/actu  a  1  pror ile/airf oil  the  required  t^m  paratu: 
drop  to  which  must  correspond  tne  temperature  drop,  determined  • 
tests  in  "dry”  air. 

Formula  (3.13)  was  suojecteu  to  the  experimental  check,  whic 
showed  the  completely  satisfactory  convergence  cf  theoretical  a  . 
experimental  data. 

Let  us  give  two  examples  of  tais  checking. 

1.  Determination  in  "ury"  au'  of  temperature  drop  at  critic 
points  of  nose/leading  edge  oi  air  intake  of  aircraft  of  Tu-lOa 
height/altitude  of  4000  iu  anu  inuicated  airspeeds  400  km/h  shew., 
that  datum  composes  32-JJ°c  (jita oiiremer.ts  were  conducted  during 


of  one  of  versions  of  experimental  de-icing  system). 
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Page  126. 

During  the  inci dence/iapi ugement  of  aircraft  at  the  same 
height/altitude  and  speeu  under  conditions  of  icing  at  temperature  of 
surrounding  air  of  -20°C  unu  average/mean  water  content  0.2  g/m3 
occurred  ice  accumulation  <iii  ower  circumf erence  of  air  intake,  in 
spite  of  the  previously  connected  de-icing  system.  Calculation 
according  to  formula  (3.1j)1  for  tnese  conditions  showed  that  the 
required  temperature  drep  ror  tuc  prevention  of  icing  had  to  comprise 
not  less  than  39°C  (instead  of  jz-J3aC). 

FOOTNOTE  *.  Heat -tra ns f et  coariicient  at  the  critical  point  of  the 
wing  of  the  aircraft  of  Tu-lUa  was  determined  experimentally. 
ENDFOOTNOTE. 

2.  Temperature  drop  near  critical  point  in  one  section  of  wing 
of  aircraft  of  Tu-104  composed  2oac  in  "dry"  air  at  height/altitude 
of  2000  b  and  indicated  airapeeus  400  km/h. 


With  accomplishing  or  fiiynt  in  the  zone  of  icing  in  the  section 
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of  wing  indicated  occarrea  ...ce  ioi.wation.  Flight  conditions  ware 
following:  H-2000-3000  a,  f«=  II  C.  1  =  400  km/h ,  ll',-p=-l.n  g/m3,  de-icing 

system  was  connected  prict  to  tne  entry  into  the  zone  of  icing. 

Calculation  accordinj  to  tormula  (J.1J)  for  these  conditions 
showed  that  the  required  temperature  drop  must  he  not  less  than  33°C. 
This  was  the  confirmed  rurtnet  experiment  when  engine  power  rating 
was  transferred  into  this,  outing  which  appropriate  temperature  drop 
in  "dry”  air  it  composed  Jy-40°C;  m  this  section  of  wing  was  begun 
the  thawing  of  ice,  and  tnen  it  was  distant  completely.  (Complete 
removal  of  ice  it  occurred  already  on  leaving  of  aircraft  from 
cloud iness)  . 

Fig.  3.22  gives  the  dependence  of  ice  formation  required  for 
prevention  of  temperature  drop  on  the  design  conditions  of  icing. 
Calculation  is  carried  out  rot  tue  leading  wing  edge  of  the  aircraft 
of  Tu - 10  4.  As  can  be  seen  trom  graph,  the  proposed  previously 
required  temperature  drop  in  Jo°C  provides  protection  from  icing 
under  design  conditions  enry  to 

The  analysis  of  formula  (J.ld)  at  different  possible  values  of 
the  entering  it  values  snowed  tnat  the  required  temperature  drop  for 
at  present  aviation  pronies/airroils  used  must  comprise  in  the 
earth/ground  not  less  than  bd^c. 
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A  change  in  the  required  temperature  drops  in  heights/altitudes 
is  shown  in  Fig.  3.23. 

Continuous  de-icing  system  must  prevent  ice  formation  not  only 
on  the  warmed  part  of  tue  surraca,  but  also  beyond  its  limits,  which 
is  reached  by  the  selection  or  tne  sizes/di  me nsicns  of  the  shielded 
zone  and  by  the  maintenance  of  cue  corresponding  temperatures  of 
surface. 

The  graphs/curves  given  in  tne  preceding/previous  paragraph 
illustrated  the  requirements  tor  n=at  for  maintaining  the  temperature 
of  the  surface,  equal  tc  +10°c. 

Page  127. 

However,  the  achievement  or  tnis  temperature  does  not  in  any  way  mean 
that  the  water,  which  settle^  on  wing,  will  completely  evaporate  and 
will  not  occur  its  runotr  oeyond  tne  limits  of  the  warmed  zone. 
Actually/really,  for  continuous  de-icing  systems  the  problem  of  the 
formation  of  barrier  ice  nus  serious  value.  Experiment  shows  that 
accomplishing  endurance  liignt  under  conditions  of  intense  icing 
leads  to  the  appearance  or  odiner  ice  even  in  de-icing  systems  with 
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sufficiently  high  temperature  drops.  If  the  settling  water  completely 

does  not  evaporate  in  tne  zones  or  settling,  its  reinainder/residue 

leaks  off  back/ago  (on  u^tr  ana  lower  surface  of  wing)  in  the  form 

of  the  separate  streams  wmch  tneu  freeze  and  are  formed  uneven  ice 

built-up  edges  at  consiueranie  distance  from  leading  edge.  Sometimes 

these  ice  built-up  edges  taxe  tae  rorm  of  separate  flows  (Fig.  3.24), 

& 

while  sometimes  -  continuous  ice  oarrier  (Fig.  3.25).  The 

formations  of  barrier  ice  it  wouru  be  possible  to  avoid,  after 
ensuring  on  an  entire  wing  surrace  the  temperature,  exceeding  0°C; 
however,  the  str uctura 1/desr ja  aua  energy  difficulties  of  this  method 
they  were  obvious. 

^nother  method,  whica  removes  the  possibility  of  the  onset  of 
barrier  ice,  it  consists  m  tne  evaporation  of  entire  water  over  the 
area  of  its  settling.  This  wouiu  make  it  possible  to  have  minimum 
zone  heating  along  choru  (corresponding  to  the  zone  of  capture/grip), 
but  it  would  require  tc  ensure  too  high  a  temperature  in  the  small 
section  of  surface,  which  aiso  presents  considerable  difficulties. 
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Fig.  3.22.  Dependence  ci  ice  totmation  required  for  prevention  of 
temperature  drop  on  the  design  conaitions  of  icing  for  the  leading 
wing  edge  of  the  aircratt  or  ru- Ida.  Key:  (1).  km/h. 

Fig.  3.23.  Dependence  of  reguircu  in  "dry"  air  temperature  drops  from 
computed  values  of  temperature  or  surrounding  air  and  water  content 
for  different  heights/aititud«s. 

Key :  ( 1)  .  kg/h . 

Page  128. 


As  illustration  let  us  give  graph  (Fig.  J . 26) borrowed  from  work 
[  38J  which  shows  tne  depenueuce  of  calorific  requirement,  for  the 
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complete  evaporation  of  water  over  the  area  of  its  settling  from 
water  content  and  temperature  or  surrounding  air.  As  is  evident,  for 
the  de-icing  system,  based  ou  rue  principle  of  the  evaporation  of  the 
drops  of  water  over  the  area  or  tueir  settling,  the  calorific 
requirement,  per  unit  of  cue  wingspan,  depends  in  essence  on  the 
value  of  water  content,  due  temperature  effect  of  surrounding  air  is 
small . 


Thus,  the  total  quantity  or  neat,  which  requires  for  the 
prevention  of  icing,  depends  on  selected  safety  method. 

If  de-icing  system  is  projected/designed  then  so  as  to  ensure 
the  evaporation  of  water  over  area  larger  than  area  or  settling  the 
drops  (which  usually  and  occurs),  then  calorific  requirement  depends 
both  on  the  temperature  or  surface  and  on  the  size/dimension  of  the 
warmed  zone.  Fig.  3.27  gives  tnat  undertaken  from  the  same  wcrk.  of 
graphs/curves,  that  shows  a  cuange  in  the  heat  required  for 
evaporating  a  quantity  in  dependence  on  the  warmed  zone  in  chord  and 
on  the  temperature  of  the  surface  (temperature  for  this  warmed  zone 
is  accepted  by  constant). 
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Pig .  1.2 4,  Barrier  ice  ao.o  on  upper  surface  of  stabilizer  after 

flight  under  conditions  ot 

Pa  g  e  12  9. 

From  graph  it  is  eviaem  ui.it,  for  example,  for  the  heating 
Vio/o  chord  at  temperature  or  ouriace  of  24°c  it  is  required  by  16000 
kcal/h«m,  and  for  the  heating  a*.o/o  chord  at  temperature  ot  surface 
of  1 2  °C  it  is  required  ry  iJ  J0u  itcdl/h»rc. 

Graph  clearly  illustrates,  #urch  during  the  guarantee  of  high 


DOC 


79  116207 


Xl<" 

temperature  of  surface  ana  smallest  warmed  zone  is  required  less  than 
the  heat. 

Of  that  examined  it  is  aouve  evident  that  continuous  de-icing 
systems  (systems,  antiiciug)  received  widest  use  on  contemporary 
aircraft.  In  the  majority  or  the  cases  -  these  are  the  air-heat 
systems.  However,  the  large  requirements  for  heat  which  grow/rise 
with  an  increase  in  the  sizes/dimeusions  of  aircraft,  their  speed, 
flight  altitude  caused  consider auit  difficulties  because  of  the  need 
for  the  selection  too  cr  great  a  quantity  of  air  from  engines.  This 
it  forced  to  turn  to  the  systems  or  the  periodic  action  whose 
requirements  for  energy  are  considerably  less. 

Before  passing  to  the  second  group  of  systems,  are  given  several 
short  descriptions  of  typical  air-heat  continuous  systems. 

To  the  aircraft  of  iu-104  the  protection  from  the  icing  of  wing 
and  power  plants  is  accomplisnea/cealized  with  the  aid  of  the  hot 
air,  selected/taken  from  tne  compressors  of  engines. 
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Fig.  3.25.  Continuous  bdicier  ice  on  the  upper  surface  of  stabilizer 
after  flight  under  conditions  or  icing. 

Page  130. 

The  schematic  diagram  or  de-icing  system  is  shown  in  Fig.  3.28. 
The  air,  gathered/ta ken  in  u«  eignth  compressor  stage  (with  the 
temperature,  which  reacnes  oy  240°C) ,  on  conduit/manifold  1  through 
locking  3  and  re verse/in  verse  4  varves  enters  the  right  and  left  wing 
leading  edges.  System  has  a  conduit/mani f old  cf  cross-feed  by  2, 
through  which  is  provideu  tne  air  supply  in  the  failure  of  one  of  the 
engines.  Ir  this  case  the  corresponding  check  valve  prevents  the 
leakage  of  hot  air  to  tne  srue  cr  failed  engine. 


The  temperature  of  tne  air,  wnich  enters  leading  edge  of  wing 
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in  dependence  on  engine  power  rating  and  teaperature  of  surrounding 
air  oscillates  from  70  cc  zJ0°C. 

The  deicer  of  the  King  leaning  edge  is  arranged  as  follows  (Fig. 
3.29).  To  skin/sheathing  1,  made  from  Duralumin  in  thickness  1,  2  mm, 
from  inside  is  riveted  corrugation  2,  prepared  also  from  Duralumin  in 
thickness  from  0.6  to  1  mm.  Ine  corrugation  of  split,  consists  of  the 
upper  and  lower  panels  wnich  during  installation  form  ten-millimeter 
slot  along  the  leading  edge  or  wing. 

Along  leading  edge  is  estaunshed/installed  dead/blind  arm  3, 
which  is  wall  from  Duraiuain  witn  a  thickness  of  1  mm  which  is 
fastened  to  corrugation,  tfaii  rroa  the  side  of  forechamber  is  coated 
by  fiberglass  laminate.  Arm  divides  leading  edge  into  two 
chambers/cameras:  fr ont/leadiug  A  and  rear  B,  which  communicate 
through  the  channels  of  corrugatiou. 
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Fig.  3.26.  Dependence  or  Jdiaciiic  requirement  for  the  complete 
evaporation  of  water  on  water  content  and  temperature  of  surrounding 
air. 

Key:  ("I)*  kcal/h»m.  (2).  spieau/scope .  (3).  km/h.  (4).  g/m. 

Pig.  3.27.  Dependence  or  quautity  of  heat  q  required  for  evaporation 
on  size/dimension  of  warui«u  zone  along  airfoil  chord  x/b  and  on 
temperature  of  surface 

Key:  (1).  kcal/h*m.  (2).  cnord. 

Page  131. 


The  channels  of  corrugation  are  arranged/located  along  wing 
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profile  and  have  variabie/aiternating  cross  section.  The 
height/altitude  of  corrugation  comprises  at  leading  edge  4-5  mm,  in 
area  of  arm  -  6-8  mm  and  iu  Training  profiles/airfoils  4-2-3  mm. 

The  internal  part  or  torecnamuer  is  coated  by  the  fiberglass 
laminate  with  a  thickness  or  0.5  mm,  which  is  shield  5,  which  are 
guided  the  hot  air  through  tne  slot  in  arm  to  the  leading  edge  of 
wing. 


The  warmed  zone  of  wing  occupies  14-15o/c  cf  chord.  Hot  air  is 
supplied  into  forechamber  A,  is  distributed  along  the  channels  of 
corrugation  it  washes  wing  sum  from  its  inside.  Further  air  enters 
rear  chamber/camera  B,  whence  it  is  rejected  in  the  atmosphere 
through  special  openings/apertures  in  wingtip  fairings. 

The  end  sections  ct  wing,  wuich  have  smaller  absolute 
sizes/dimensions  and  subjected  tuerefore  to  mere  intense  icing,  have 
the  intensive  heating  due  to  tne  special  shaping  of  the  channels  of 
corrugation. 

The  start  of  the  de-icing  system  of  wing  is  produced  with  the 
aid  of  the  tap/crane  of  control  5  (see  Fig.  3.28)  pneumatic  action1, 
the  co-pilot  establishea/mstaiiea  on  instrument  panel. 
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FOOTNOTE  ».  On  the  airciart  or  l’u-124,  which  has 
construction/design  of  the  ae-icing  system  of  win 
tap/crane  -  electrical.  tNDFUGl  NOI'ii. 


the  analogous 
g,  control  of 


Cont rol/check  of  the  operation  of  system  is 
acconi plished/realized  by  tne  taer uocou pi es  whose  sensors  are 
established/installed  in  conduits/ manifolds  at  the  leading  edge 
entry,  and  by  the  manometer,  waicn  measures  the  pressure  in  the 
control  system. 
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Fig.  3.28.  Schematic  diagram  of  tne  de-icing  system  of  the  wing  of 
the  aircraft  of  Tu-104. 

Page  132. 

The  expenditure  of  air  tor  tne  de-icing  system  of  wing  composes 
9200  kg/h  at  the  heigh t/aitituae  o*.  1000  m  and  it  falls  to  5600  kg/h 
at  the  height/altitude  cf  /uOO  ai  (in  level  flight  with  a  speed  of 

V’jr-p  ---  400  km/h)  . 

For  de-icing  system  of  sucn  type  is  characteristic  the 


\'  f\ 


dependence  of  the  effectiveness  or  its  action  on  engine  power  rating 
This  makes  it  possible  in  xnown  limits  to  enforce  the  heating  of  the 
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shielded  surfaces  by  an  increase  in  engine  power  rating.  So,  the 
increase  in  the  operating  moue,  wnich  corresponds  to  an  increase  in 
the  level  flight  of  speed  ftou  4U0  to  600  km/h  in  instrument,  leads 
to  the  increase  of  the  expenditure  of  air  for  wing  cn  700  kg/h.  The 
temperature  drops  on  heating  surrace  in  this  case  considerably 
grow/rise:  on  13-15°C  at  tne  critical  points  of  the  wing  leading  edge 
and  on  10-12°C  -  on  the  lateral  surface  of  nose/leading  edge.  Curve 
in  Fig.  3. JO  illustrates  tno  dapanuence  of  tae  temperature  drop  on 
the  leading  edge  of  the  wing  reading  edge  on  flight  speed  in  the 
connected  de-icing  system. 

On  the  other  hand,  ir  we  ensure  the  necessary  temperature  drops 
in  low  engine  power  ratings,  tnen  in  the  increased  modes/conditions 
they  will  be  unjustifiably  nign,  wnich  requires  the  regulation  of  the 
quantity  of  air,  which  enters  tne  deicers. 

The  de-icing  system  or  tne  aircraft  of  An-24  also  air-heat,  with 
the  use  of  hot  air,  a bstL dcted/temoved  from  the  compressors  cf 
engines. 


The  schematic  diagram  of  de-icing  system  is  snown  in  Fig.  3.31. 
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Fig .  3.29.  Schematic  of  tae  us ating  of  the  leading  edge  or  the  wing 
of  the  aircraft  of  Tu-104. 


Fig.  3.30.  Dependence  oi  temperature  drop  at  on  leading  wing  edge  of 
aircraft  of  Tu-104  on  fiigut  speeJ  \;r 

Ke  y :  ( 1)  .  km/h. 

Page  13  3. 

The  air,  seiected/ta^en  rroai  the  tenth  compressor  stage  of  the 
engines  through  special  collars,  comes  under  pressure  to  check  valves 
1,  controlled  by  the  electrical  mechanisms  which  are  included  by  the 
toggle  switch,  arrang^d/locateu  on  special  control  panel  in  the 
co- pi lot . 

Control/check  of  full  gat«  or  the  taps/cranes  of  air  supply  is 
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accomplished/realized  ca  tne  riring  of  two  bulbs,  arranged/located  on 
the  saae  panel.  Froa  step  cocks  tne  air  proceeds  to  the  aanuevering 
valves  of  pressures  by  2,  wnicb  maintain  the  pressure  in  systea, 

I 

equal  to  3. 2*0. 2  ata  (tech) .  Furtner  through  check  valves  3  air  heads 
toward  the  deicers  of  wing  and  tail  assembly. 

on  the  aircraft  of  An-24  for  supplying  hot  air  to  heating 
surfaces  it  is  applied  ejection  in  contrast  to  the  aircraft  of  Tu-104 
with  direct  air  supply  rrom  tne  compressors  of  engines.  The  de-icing 
system  of  wing,  tail  assembly  and  air  intakes  of  engines 
structurally/construct urally  differs  froa  the  usual  schematic  of  the 
air-heat  system,  used  or  many  aircraft  types. 
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Pig.  3.31.  Schematic  diagram  oc  tue  de-icing  system  of  wing  and  tail 
assembly  of  the  aircraft  or  An-^4.  1  -  check  valves,  2  -  pressure 
regulators,  3  -  check  valves,  4  -  deicer  of  wing,  5  -  deicer  of 
stabilizer,  6  -  deicer  ot  tin. 

Key:  (1).  Diagram  of  the  heating  ot  the  leading  edges  of  wing  and 

empennage. 


Page  134 
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On  aircraft  Ap-24  is  used  tne  so-called  micro-ejector  anti-icing 
system,  Bade  as  follows. 

/Jlon  g  the  shielded  surrace  or  noses/leading  edges  is  laid  the 
conduit/aanif old  made  or  me  stainless  steel  with  a  diameter  of  45  am 
with  the  aicro-nozzles  witn  a  diameter  of  0.3  mm  on  wing  and  1.0  mm 
cn  fuller's  earth  and  stamlizer. 

The  receiver  of  deicers  in  complex  with  the  micro-nozzles  whose 
space  is  equal  to  15  mm#  forms  tue  system  of  the  micro-ejectors, 
which  work  according  to  recirculating  method.  The  diagram  of  air 
circulation  in  the  leading  euges  of  wing  and  tail  assembly  is  shown 
in  Fig.  3.31.  Hot  air  from  tne  conduit/manif old  through  micro-nozzles 
is  supplied  directly  to  tne  leading  edge  of  the  protected  surfaces 
and  along  the  channels,  formed  by  skin/sheathing  and  corrugation  with 
constant  section  along  choru,  enters  further  into  the  rear 
chamber/camera  of  nose/leading  edge.  The  part  of  exhaust  air  will  be 
ejected  by  micro-ejectors  and  anew  it  enters  the  corrugations  of 
deicers.  Exhaust  air  moves  over  tne  channel,  formed  by  skin/sheathing 
of  deicer  and  by  f ront/leading  iougeron/spar ,  and  through 
openings/apertures  in  ending  it  is  rejected  in  the  atmosphere. 

The  warned  zone  of  noses/leading  edges  composes  lOo/o  of  chord 
for  a  stabilizer  and  a  tin  and  11-15o/o  of  chord  for  a  wing. 
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The  flow  rate  of  air,  wmch  eaters  the  de-icing  system  of  wing 
and  tail  assembly,  in  tne  range  of  heights/altitudes  from  1000  to 
6000  a  composes  respectively  2d00-1800  kg/h. 

The  advantage  of  aicro-e jector  system  is  the  considerable 
decrease  of  the  air  flow  rates  from  engine  in  coaparison  with 
de-icing  system  with  usual  ejectors. 

Thus,  for  instance,  flow  of  air  to  the  stabilizer  of  the 
aircraft  of  An-24  with  aicro-a jector  system  approximately/exeaplarily 
to  30o/o  is  lower  than  tne  expenditure  for  the  same  stabilizer  with 
usual  ejectors. 

It  is  known  that  during  the  use/application  of  ejectors  in 
deicer  the  air  flow  rate  is  aeterained,  in  essence,  by  the  flow  rate 
through  the  ejector  and  to  low  degree  it  depends  on  engine  power 
rating.  This  is  advantage  of  sucn  type  of  systea  in  coaparison  with 
de-icing  system  with  direct  air  oieed  from  coapressor. 

De-icing  systeas  with  tne  use  of  ejectors  for  air  supply  are 
applied  on  Soviet  aircraft  witn  tne  turboprop  engines  (An- 10,  An-24), 
the  selection  of  a  large  guantity  of  air  from  which  is  iapossible 
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without  a  considerable  reduction/descent  in  the  power.  It  should  be 
noted  that  the  mode/conditions  or  the  operation  of  the  turboprop 
engines,  which  have  permanent  revolutions,  virtually  little  affects 
the  effectiveness  of  the  action  or  de-icing  system. 

Page  135. 


In  the  series/row  of  foreign  aircraft  with  TVD  a  question  of 
hot-air  heating  of  the  surfaces  snielded  from  icing  is  solved  with 
the  aid  of  the  installation  of  tne  heat  exchangers,  in  which  the  air, 
gathered/taten  from  the  ataospaere,  is  heated  due  to  waste  heat  of 
engine. 

An  example  of  the  use/application  of  this  system  are  aircraft 
"Argosy",  "Vanguard"  and  "Vicount." 

On  aircraft  "Argosy"  uy  warn  air  are  warmed  the  wing  leading 
edges.  The  air,  entering  into  heat  exchangers  from  the  atmosphere 
through  special  air  intakes,  is  heated  by  waste  heat  and  heads  then 
for  distributing  pipe  (Fig.  J.  32  and  3.33).  It  the  air  enters  the 
fundamental  channel  of  nose/leading  edge,  formed  by  the  lower 
covering  and  the  fiberglass  laminate  partition/baffle, 
arranged/located  along  tne  length  nose/leading  edge. 
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Fig.  3.32.  Schematic  diagram  of  tne  de-icing  system  of  aircraft 

"Argosy". 


Key:  (1).  Distributing  pipe.  (2).  Valve  of  type  "butterfly".  (3). 
Heat  exchanger.  (4).  entry  of  air.  (5).  Distributing  pipe.  (6). 
Shutter/valve  of  regulator.  (7) .  inactive/ jet  exhaust.  (8) .  Onion 
pipe.  (9).  yield  of  hot  air.  (10).  Air  intake.  (11).  Harmed 
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nose/leading  edge.  (12).  yield  or  not  air.  (13).  Fiberglass  laminate 
partition/baffle.  (14).  Branch/ drain  channel.  (15).  Channels  of 
corrugations.  (16).  Fundamental  channel  of  supply  of  air. 

Page  136. 

Further  the  air  through  tne  slot  in  the  lower  covering,  made  in  the 
form  of  corrugations,  enters  tne  channels  of  corrugations,  washing 
the  wing  leading  edge.  Then  air  leaves  corrugations  and  is 
collected/built  in  the  chamber/camera,  foraed  by  spar  web  and  by 
fiberglass  laminate  partition/baf rle,  after  which  it  is  rejected  in 
the  atmosphere  on  special  diverters  and  openings/apertures  in  the 
upper  part  of  the  wing. 

Heat  exchangers  are  arranged/ locate d  on  internal  engine  nacelles 
from  inside.  The  supply  of  coiu  air  and  exhaust  gases  to  heat 
exchanger  is  regulated  by  two  snutters/valves  and  is  arranged  in  such 
a  way  that  the  shutter/valve  of  tne  air  intake  of  exhaust  gases 
cannot  be  opened/disclcseu  as  long  as  will  not  be  completely  opened 
the  shutter/valve  of  the  air  intana,  which  enters  from  the 
atmosphere. 
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Fig.  3.33.  Layout  of  the  neat  exchangers  of  de-icing  system  (on 
internal  power  plants) .  1  -  caannei  of  hot  gases,  2  -  air  intake  of 

heat  exchanger,  3  -  heat  exchanger',  4  -  exhaust  tube  of  hot  gases,  5 
-  manifold,  6  -  channel  cf  hot  air,  7  -  valve  of  the  type 
"butterfly",  8  -  tube  for  air  bleed  for  the  heating  of  the  air  intake 
of  heat  exchanger,  9  -  ther aoseasitive  elements,  10  -  mercury 
thermorelay,  11  -  exhaust  duct,  12  -  power  frame,  13  -  shutter/valve 
of  exhaust  duct,  14  -  fire  wall,  1b  -  jacket. 


Pa  ge  137 
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The  position  of  the  snutter/valve  of  the  air  intake  of  exhaust 
gases  automatically  is  regulated  depending  on  the  tenperature  of  hot 
air  (signaling  is  accoitplisneu/realized  with  the  aid  of  the  fire 
detectors,  ar ranged/locatea  on  manifold)  so  that  with  an  increase  in 
the  teaperature  of  air  iq  tune  is  supplied  signal  to  the  closure  of 
sh utter/valve,  and  with  decrease  *  to  its  complete  opening.  The 
oscillations/vibrations  of  tne  mecnanisra  of  control  of  shutter/valve 
are  damped. 

In  system  is  provided  for  the  signaling  about  superheating  - 
with  an  increase  in  the  temperature  of  air  in  tube  to  190°C 
operates/wears  mercury  switcn,  which  closes  the  relay  circuit  of 
signaling. 

Besides  the  tube  of  signaling  about  superheating  on  left  ceiling 
flap  are  mounted  two  teaperature  indicators  of  air  in  tube, 
calibrated  from  *50  to  +20d°c. 

For  preventing  the  possioility  of  the  start  of  deicer  on  the 
earth/ground,  which  can  lead  to  superheating  of  construction/design, 
control  of  the  mechanism  of  tne  opening  of  the  shutter/valva  of 
exhaust  gases  is  interlocked  with  the  reduction  of  landing  gear 
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struts.  Plow  rate  or  not  air  through  each  heat  exchanger  (i.e. 

to  one  half  wing)  -  about  J600  Xg/h.  Temperature  drop  on  the  leading 
edge  of  center  section  (in  the  place  of  the  supply  of  hot  air) 
reaches  100°C,  on  lateral  surface  of  50°C;  in  outer  wing  panel 
temperature  drops  they  comprise;  oy  50°C  on  leading  edge  and  35-40°C 
on  lateral  surface. 

The  de-icing  system  or  tne  wing  of  aircraft  "Vicount"  and 
"Vanguard"  -  is  air-heat.  Air  due  to  velocity  head  enters  the  heat 
exchangers  where  it  is  nested  by  tne  exhaust  gases,  selected/taJcen 
after  turbine  in  a  quantity  of  approximately  2o/o,  and  further  heads 
for  the  channel,  arranged/located  along  wing.  From  channel  the  air 
enters  the  wing  leading  edge,  it  is  collected/built  in  offtake  and  is 
rejected  in  the  atmosphere  througa  openings/apertures  in  wing  tip. 

Temperature  of  exhaust  gases  at  the  entry  into  heat  exchanger  of 
500°C.  Air  in  heat  exchanger  is  heated  to  165°C  and  is  cooled  in  wing 
to  70°C. 

Heat  exchangers  are  arrauged/located  in  internal  engine  nacelles 
and  are  made  from  tubes  maae  or  tne  heatproof  steel  with  a  diameter 
of  4-4.5  am.  Tubes  are  arranged/located  vertically;  air  moves  within 
then  from  bottom  to  top.  hxhaust  gas  washes  tubes  horizontally. 
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For  cessation  the  air  supplies  in  the  upper  part  ot  the  heat 
exchanger  are  by  louver. 

For  the  protection  or  tn«  turuojet  aircraft  VC-10  from  icing  is 
utilized  hot  air  from  the  compressors  of  engines. 

Air  bleed  on  each  engine  is  accomplished/realized  from  the 
latter/last  compressor  stages  ot  tue  high  and  low  pressure  (see  Fig. 
3.34).  The  feed  systems  of  air  trout  each  pair  of  engines  together 
with  their  aggregates/units  of  automatic  regulation  function 
separately  from  each  otaer. 

Page  138. 

The  air,  selected/taken  from  zae  compressors  of  the  high  and  low 
pressure  of  each  pair  ot  engines,  mixes  and,  passing  through 
reduction  and  check  valves,  it  fails  into  general/common/total 
distributing  pipe,  whicn  passes  in  fuselage.  Thus,  because  of 
cross-feed  during  the  malfunction  of  one  or  two  engines  air  supply  is 
provided  by  other  two  engines. 

After  the  branching  oft  of  couduit/manifold  in  fuselage  (point 
of  cross-feed)  the  cond uit/manitoid  is  passed  on  center  section  and 
further  into  root  of  the  wing  where  the  air  is  utilized  for  the  drive 
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of  turbine  of  cooling  evaporative  installation. 

To  the  wing  leading  edge  tae  air  is  supplied  through  check 
valves.  To  slats  the  air  eaters  trom  the  wing  leading  edge  through 
the  telescopic  joint  and  it  passes  on  conduit/manifold  along  the 
spread/scope  of  slat.  Tnrougn  ope«ings/a pertures  in  conduit/manifold 
the  air  falls  at  first  into  intermediate  collector/receptacle,  and 
from  the  latter  -  throuyn  siots  into  space  formed  by  external  and 
lower  coverings  (Fig.  3. Jo).  is  aerived/concluded  air  into  the  fixed 
wing  leading  edge  after  slat,  witu  the  extended  slats  the  exhaust  air 
emerges  through  special  cpenings/apertures.  These  openings/apertures 
coincide  with  openings/apertures  in  the  fixed  wing  leading  edge  with 
the  retracted  slats.  In  tuis  case  the  exhaust  air  from  slats  is 
removed  together  with  air  from  tne  fixed  wing  leading  edge.  When 
slats  are  released,  openings/apertures  in  the  upper  surface  of  the 
fixed  wing  leading  edge  are  cioseu  by  trip  valves. 

The  section  of  leading  edge  oi  wing  in  long  approximately  three 
meters  in  fuselage  (i.e.  m  tne  zone  of  the  location  of  engines)  has 
the  intensive  heating  fd  tne  preservation  of  engines  from  the 
incidence/impingement  ci  tne  pieces  of  ice  which  can  be  formed  and 
fly  in  the  case  of  the  insuf ncieut  effectiveness  of  the  heating  of 
wing  in  this  section.  Foi  aircratt  VC-10  this  is  especially 
important,  since  its  engines  hoiis  floyce  Conway  have  duralumin 
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rotating  compressor  blades.  Tae  intensive  heating  is  provided  due  to 
the  elevated  temperature  or  air  entry  for  which  is  arranged/located 
on  fuselage. 

The  zone  heating  or  Wj.ng  in  the  percentages  of  chord  varies  from 
lOo/o  in  root,  to  14o/d  -  at  tip  or  the  wing  (over  upper  surface). 
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Fig.  3.34.  Schematic  diagram  or  the  de-icing  system  of  aircraft 
VC-10.  1  -  pipe  of  air  bleed  from  low-pressure  compressor,  2  -  air 
extraction  manifold  from  nrga- pressure  compressor,  3  -  thermal 
valves,  4  -  reduction  valves,  0  -  main  check  valves,  6  -  check 
valves,  7  -  deicer  of  wing,  d  -  deicer  of  stabilizer  and  fairing 
about  the  stabilizer,  9  -  aeicer  or  fin,  10  -  branch  of  engine 
starting,  11  -  evaporative  installation. 

Page  139. 


&ir  supply  to  the  nesting  of  the  tail  assembly  from  fundamental 
conduit/manifold  is  acccmpnsnea/r ealized  through  the  two-position 
check  valve. 

In  the  case  of  damaging  to  electrical  control  circuit  the  valve 
remains  in  position  "opened". 
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Air,  passing  through  tod  eneck  valve,  proceeds  to  the 
nose/leading  edge  of  fin,  stabilizer,  and  also  to  fairing  (butt  joint 
of  stabilizer  with  the  tin) whose  lateral  surfaces  to  avoid  the 
wedging  of  rotary  stabilizer  with  icing  are  warned. 

Air  for  the  heating  or  fairing  enters  from  the 
coarse-wire/coarse-conductor  or  tae  stabilizer  through  the  tee.  In 
connection  with  the  fact  that  the  stabilizer  in  flight  is  deflected, 
into  conduits/manifolds  are  introduced  flexible  sections. 

Air  in  the  noses/leading  eages  of  fin,  stabilizer  and  fairing 
moves  over  the  channels,  formed  oy  dual  skin/sheathing,  and  it  is 
derived/concluded  in  the  atmosphere  through  the  grids/cascades  which 
are  arranged/located  on  the  iateraz  surfaces  of  the  upper  part  of  the 
fin. 


"^The  conduits/manifolas,  arrauged/located  within  nacelles  and 
fuselage,  are  made  made  of  the  stainless  steel  with  double  walls, 
tlpon  the  decomposition  of  internal  wall,  external  will  avoid  the 
incidence/impingement  of  air  into  ruselage. 

In  all  points  of  connections,  closed  in  the  event  of  damage  by 
jacket,  are  established/instalieu  expansion  bellows. 
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The  conduits/aanifolds  ot  cue  tail  assembly  are  also  aade  froa 
the  stainless  steel  with  rxexinle  expansion  bellows.  Exception  is 
flexible  conduit,  esta blisheu/installed  on  rotary  stabilizer. 

The  conduit s/aanif elds,  arranged/located  in  wing,  are  aade  from 
aluainua  alloy  with  exception  or  cnannel  in  the  telescopic  joint, 
which  aakes  it  possible  to  ue  moved  for  slat. 

Temperature  of  air  in  distributing  pipe  of  225°C,  pressure  of 
3.5  kg/ca2.  This  teaperature  is  maintained  by  the  feed  control  of  air 
from  high-pressure  con  pressor:  with  a  temperature  decrease  thermal 
valve  closes  with  compressed  air  cneck  low-pressure  valve.  After  this 
into  system  comes  the  air  only  rrom  high-pressure  compressor. 
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Pig.  3.35.  schematic  of  tne  neating  of  the  leading  edge  of  wing  and 
slat  of  aircraft  VC- 10. 

Key:  (1).  Slat  is  released.  (2).  Slat  is  retracted  by  10-14o/o  of 
chord . 


Page  140. 


The  expenditure  of  air  for  entire  de-icing  system  is 
approximately  26000  kg/n,  from  tuea:  to  wing  -  about  14500  kg/h,  to 
stabilizer  -  5500  kg/h,  to  tin  -  aoout  2000  kg/h  and  to  engines  - 
4000  kg/h. 

When  is  not  required  heating,  by  overlapping  high-pressure  valve 
is  established/installed  in  position  "air  it  is  openly"  and  utilized 
only  for  actuating  of  the  turbine  of  cooling  evaporative 


* 


installation 
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In  the  failure  of  engine  cnecfc  valves  prevent  air  losses  to  the 
side  of  failed  engine  or  parr  or  engines. 


During  engine  starting  on  tn«  earth/ground  air  flow  moves  in 
opposite  direction.  Therefore  thermal  valves,  reduction  valves  and 
■ain  check  valves  are  estaonsnea/instal led  in  position  "opened". 


Por  a  signaling  about  supernaating  before  main  check  valves  in 
engine  nacelles  and  in  distr muting  pipe  of  fuselage  are 
established/installed  tne  tnemocouples .  On  flight  engineers  panel 
are  tubes  of  signaling  about  superheating,  and  also  temperature 
indicator  of  air  in  conuuit/aanifoid. 


rIs  provided  for  also 
the  signaling  of  air  pressure  ru  tne  conduits/manif olds:  in  the  air 
duct  it  is  established/instaliea  two  pressure  sensors,  connected  to 
one  indicator  lamp  on  fiignt  engineer's  panel. 


The  de-icing  system  of  aircraft  VC- 10  is  designed  in  such  a  way 
as  to  provide  protection  trom  icing  to  the  temperature  of  surrounding 
air  of  -30°C  and  height/altitude  on  the  order  of  10000  a. 


At  international  conference  on  the  protection  of  aircraft  and 
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helicopters  fro*  icing,  which  parsed  to  1961  in  England,  the  firm 
Blackburn  proposed  the  design  or  new  de-icing  system,  which  was  based 
on  heating  the  shielded  surrace  uy  the  thin  film  of  the  warm  air, 
selected/taken  from  engine  i.t>SJ.  fne  warn  air  through  narrow  slots  in 
the  leading  edge  of  wing  ana  tail  assembly  is  blown  out  with  the 
transonic  speed  to  the  external  surface  of  the  shielded  aircraft 
components  and  heats  it.  aesiues  protection  from  the  icing  this 
method  can  be  used  alsc  ror  oouudaiy  layer  control  for  purpose  of  an 
increase  in  the  lift  and  decrease  of  drag. 

The  schematic  diagram  of  the  combined  boundary  layer  control 
system  and  warning/prevention  or  icing  is  shown  in  Fig.  J.36  and 
3.  37. 


4ir  is  selected/takeu  from  tne  compressor  of  each  engine  and  is 
supplied  through  two  parallel  pipes  to  general/common/total  air  duct. 
The  maximum  quantity  of  air,  required  for  warning/preventing  the 
icing,  is  approximately  b.oo/o  or  general/common/total  air  flew  rate. 
For  boundary  layer  contrcl  it  is  required  by  12o/o. 

Page  141. 


In  the  case  of  failure  or  one  of  the  engines  the  necessary  air 
flow  rate  is  provided  by  one  operating  engine,  since  failed  engine 
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automatically  is  insulated  Iron  nigh- pressure  circuit  by  check  valve. 
In  this  case  the  ef f ectiveaess  or  system  does  not  deteriorate,  since 
entire  the  necessary  quantity  or  air  can  be  obtained  from  each 
engine. 

Air  supply  from  common  duct  into  the  conduits/manifolds  of 
leading  edges  and  to  slots  is  regulated  separately  by  decreasing  the 
pressure,  also,  with  the  aid  or  caangeover  valves. 

For  the  functional  test  of  system  on  the  earth/ground  in  the  end 
sections  of  the  leading  edges  or  wing  and  stabilizer  are 
established/installed  tne  manometers.  In  air  the  system  is  included 
by  hand  during  the  operation  or  signal  indicator  icing. 

Pressure  and  temperature  or  air  for  boundary  layer  control  are 
11.25  kgf/cmz  with  225°C  and  7.b  tgf/cm2  with  345°C.  For  the  needs  of 
de-icing  system  the  pressure  is  decreased  to  1.75-2.45  kgf/cm2  at  the 
same  temperatures.  Cond uits/mamrolds  are  made  made  of  sheet  steel  by 
welding. 

Slots  in  the  leading  edges  or  wing  and  stabilizer  have  a 
size/dimension  of  0.635  mm  on  upper  surface  and  0.173  am  on  lower 
surface.  Are  arr anged/lccated  siots  at  a  distance  with  1-5o/o  of 
chord  from  leading  edge. 
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The  surface  of  nose/ieauing  «uge  in  front  of  slot  can  be 
shielded  with  the  aid  of  convective  systen  during  the  use  of  a  cavity 
of  nose/leading  edge  near  leaning  edge  as  air  duct. 

It  is  assuaed  that  because  or  large  air  speed,  which  takes  place 
through  the  slot,  the  water,  waich  leaks  off  back/ago,  will  be  blown 
away. 
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Pig.  3.36.  Schematic  diagram  or  tnu  combined  control  system.  1  - 
locking-redaction  valves,  2  -  oouauary  layer  control  and 
warning/prevention  of  tne  icing  ot  leading  wing  edge,  3  -  check 
valves,  4  -  boundary  layer  control  in  trailing  wing  edge,  S  - 
emergency  fuel  system  valve  or  leading  and  trailing  edges,  6  - 
boundary  layer  control  ana  warnmg/prevention  of  the  icing  of  the 
leading  edge  of  stabilizer. 

Page  142. 

The  weight  of  installation  i or  boundary  layer  control  and 


warning/preventing  the  icing  composes  2o/o  cf  gross  weight 
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Warning/pre vention  o r  icing  can  be  also  practiced  during  the 
testing  of  engines  on  tne  eartn/gr ound  before  the  takeoff. 

Takeoff  and  landing  are  completed  usually  with  the  connected 
boundary  layer  control  system,  moreover  automatically  begins  to  work 
the  warning  system  of  icing. 

It  should  be  noted  tuat  auriag  takeoff  and  landing  with  boundary 
layer  control  is  utilized  the  maximum  air  pressure,  selected/taken 
from  engines,  so  that  simultaneously  there  is  a  maximum  possibility 
of  warning/preventing  tne  icing,  tne  valves  of  the  decrease  cf 
pressure  work  only  during  warning/ prevention  cf  icing.  The  start  of 
this  system  occurs  by  hand  in  all  ilight  conditions. 

7.  Thermal  de-icing  systems  of  periodic  action. 

The  de-icing  systems  of  periodic  action  according  to  their  very 
operating  principle  are  more  economical  from  the  point  of  view  of 
energy  input  *. 

FOOTNOTE  *.  The  first  Soviet  thermoelectric  de-icing  system  of 
periodic  action,  which  obtained  wiae  acceptance,  was  created  in 
design  bureau  of  A.  N.  iupoiev  (n y  specialists  K.  Ye.  Polishchuk,  A. 
S.  Fayshteyn  et  al.).  ENDFOUTNU IE. 
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Fig.  3.37.  De vice/equi paent  of  the  combined  boundary  layer  control 
system  and  varning/pre vection  or  icing.  1  -  reduction  valves,  2  - 
check  valves,  3  -  air  bleed  rroa  engine. 

Key:  (1).  Warning/preveution  ot  icing.  (2).  UPS.  (3).  Flap  and 
aileron.  (4) .  Harning/pre ventioa  or  icing  nose/leading  edge  of  outer 
King  panel.  (5)  .  Warning/prevention  of  icing.  (6)  .  Nose/leading  edge 
of  root  of  wing. 

Page  143. 

This  savings  is  caused  not  only  oy  the  fact  that  heating  its 
elements/cells  is  accoaplisned/reaiized  periodically,  but  also  fact 


hB9E&j 


r  •» 
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that  for  removing  already  formed  ice  is  required  to  melt  its  only 
thin  layer,  directly  adjacent  to  sKin/sheathiny  -  the 
distur bance/brea kdown  (or  ncaK.eaj.ng)  of  the  cohesion/coupling  ice 
with  surface  they  contribute  to  its  dropping  under  the  action  of 
aerodynamic  forces. 

Important  advantage  oi  tms  type  of  systems  is  also  the  smaller 
dependence  of  the  energy  consumed  ay  them  on  the  conditions  of  icing 
(water  content  and  temperature  of  surrounding  air).  If  for  the 
systems,  antiicing,  consumed  oy  tacm  a  quantity  of  heat  the  greater, 
the  greater  the  intensity  of  tne  increase  of  ice  and  the  lower  the 
temperature  of  surrounding  air,  tnen  for  the  systems  of  periodic 
action  the  significant  role  plays  only  temperature,  since  from  it 
directly  depends  during  tue  permanent  cycle  of  the  operation  of 
system  calorific  requirement  ror  neating  of  the  surface,  covered  with 
ice,  to  0°C. 

One  should  in  this  case  note  that  this  the  temperature  effect  of 
surrounding  air  somewhat  less  t nan  in  the  systems,  antiicing,  due  to 
the  heat-insulating  properties  or  the  formed  layer  of  ice. 

Since  the  distance  of  ice  is  accomplished/realized  more  easily 
with  its  larger  thickness,  accomplishing  flight  under  conditions  of 
intense  icing  does  net  present  suen  difficulties  for  the  systems  of 
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periodic  action  as  for  the  systems  of  continuous  heating. 

The  fundamental  objection,  wmch  they  usually  voice  against  the 
use/application  of  de-icing  systems  of  periodic  action,  consists  in 
the  fact  that  in  each  specinc  case  it  is  necessary  to  determine, 
what  with  the  operation  cf  system  ice  formation  is  permissible  in 
flight.  For  the  systems,  whicn  wor*.  with  permanent  cycle,  setting  the 
thickness  of  the  permissible  layer  of  ice,  is  determined  under  the 
design  conditions  of  icing  (witn  mat  accepted  theoretical  rate  of 
ice  build-up).  For  systems  witu  a  regulable  cycle  of  work  this 
checking  it  must  be  made  with  tne  maximum  thickness  of  ice  which 
allows/assumes  the  control. 

The  fundamental  reguiieinent  wnich  is  presented  to  the  de-icing 
system  of  periodic  action  it  consists  in  ensuring  of  the  complete 
removal  of  ice  per  cycle  of  tne  operation  of  system  and  not  allowing 
the  formation  of  ,,barrier',  ice. 

Let  us  note  that  tae  unsatisfactory  results,  obtained  during  the 
tests  of  the  initial  versions  of  cyclic  thermoelectric  systems, 
created  in  their  in  the  senes/row  of  aviation  specialists  negative 
to  them  relation,  in  spite  01  tue  positive  data  of  the  first 
theoretical  studies  (M.  irayous,  F.  V.  Veyner,  A.  S.  7,uyev„  R.  Kh. 
Tenishev  et  al.)  . 


m 
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Only  the  great  experimental  ana  test  work*,  carried  out  both  outside 
the  boundary  and  on  experimental  assigns2,  it  showed  that  during  the 
correct  identification  of  the  parameters  of  cyclic  de-icing  system  it 
is  possible  to  ensure  its  mgu  el rect iveness  and 
ef  ficiency/cost-ef  feet iveness. 

FOOTNOTE  *.  Fundamental  worics  m  tnis  region  outside  boundary  were 
made  by  the  English  researchers  01  the  firm  Nepir  (R.  D.  Krik,  B.  T. 
Chiverton  et  al.).2.  In  majority  or  works  indicated  which  were  made 
by  design  bureaus  of  A.  N.  Tupolev,  o.  K.  Antonov,  s.  V.  ll'yushin, 
for  author  it  was  necessary  to  accept  airect  participation. 
ENDFOOTNOTE. 

Besides  the  savings  oi  energy,  cyclic  deicer  gives  the 
possibility  to  warm  only  the  small  part  of  the  surface  of  the  leading 
edge  of  wing  or  tail  assembly  (a  little  more  than  the  zone  of 
capture/grip)  . 

As  showed  experimental  fliguts,  for  fulfilling  of  fundamental 
requirement  indicated  above  the  de-icing  system  of  the  periodic 
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action: 

a)  must  provide  higu  rate  neating  and  coolings  of  the  shielded 
surface; 

b)  have  on  the  leading  euge  or  wing  (or  tail  assembly)  the 
so-called  thermal  ’‘knives”  of  the  permanent  action; 

c)  must  provide  the  regulation  of  the  cyclic  recurrence  of  the 
operation  of  system  (i.e.  the  time  of  the  inclusion  and 
disconnection)  depending  on  tue  temperature  of  surrounding  air  and 
icing  intensity. 

The  first  two  conditions  are  necessary  fcr  rapid  or,  as  they 
say,  the  "shock"  jettisoning  of  ice,  also,  for  the 
exception/elimination  of  tue  runofr  of  water  over  surface  for  the 
warmed  zone,  since  the  ruuorf  of  water  leads  to  the  formation  of 
"barrier"  ice. 


m 
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Fig.  3.38.  Ice  on  the  nose/ieauing  edge  of  stabilizer. 

Page  145. 

The  third  condition  is  necessary  in  order  not  to  allow  the 
forma tion/education  of  a  layer  cr  ice  of  dangerous  thickness  and 
"barrier"  ice,  or  for  guaranteeing  the  most  rational  energy 
consumption.  Satisfaction  or  tne  tnird  condition  can  be 
achieved/reached  by  the  use/appncation  of  certain  permanent 
"compromise"  short  cycle  or  tne  operation  of  system. 

If  in  system  is  not  luitmea  any  of  the  enumerated  conditions, 
then  appears  icing  (Fig.  j. jo,  j .39  and  3.40).  All  photographs  are 
obtained  in  the  connected  de-icing  system. 
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Three  necessary  conaitious  ar«*  more  simple  to  carry  out  in 
thermoelectric  ones,  than  in  tne  air-heat  systems.  A  shortcoming  in 
the  air-heat  deicer  is  its  inertness  -  slow  heating  upon  start  and 
slow  cooling  after  disconnection  (tig.  3.41  and  3.42).  As  can  be  seen 
from  the  graph  Pig.  3.42  even  at  the  identical  specific  power  of 
heating  ( -  1  I/c  ■  2 )  the  intensity  of  heating  in  the  air-heat 
de-icing  system  consideraoly  less  than  in  thermoelectric.  Fig.  3.43 
gives  the  rates  of  heating  s*ia  of  the  nose/leading  edge  of 
stabilizer  under  identical  flight  conditions  (in  "dry"  air)  for  the 
thermoelectric  de-icing  system,  established/installed  on  three 
aircraft  types  (Tu-114,  ll-1d  and  An-10). 

The  typical  graph  or  a  change  in  the  temperature  drop  in  time 
with  the  operation  of  cyclic  system  is  given  in  Fig.  3.44  for  the 
aircraft  of  An-10  whose  cyclic  recurrence  composes  40:120  (40  s  it  is 
connected,  120  s  it  is  switched  oft),  and  for  the  aircraft  of  Tu-114 
with  cyclic  recurrence  20:220. 
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Fig.  3.40.  Barrier  ice  on  uxa aes  ot  propeller  and  its  cook. 


Fig.  3.41.  Rate  of  heatinj  and  coding  in  "dry"  air  of  skin/sheathing 
of  wing  leading  edge  in  air-neat  ae-icing  system.  1  -  An- 10  (H=1700 
a,  ka/h)  ,  2  -  Tu-JC4  (tt=t»U00  m,  i  ki/h)  ,  3  -  11-14  (H=1500 

■  ,  v  ,  km/h)  . 


Key:  (1).  ■i* 
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At  °C 


Pig.  3.42.  Rate  of  heating  sum  of  wing  leading  edge  in  different 
de-icing  systems  ,w=3om  «.  V',,,,  too  juu/n,  w  W/cm2)  .  1  - 

thermoelectric  system  of  tne  wing  of  the  aircraft  of  Tu-114,  2  - 
air-heat  system  of  the  wing  of  toe  aircraft  of  Tu-104. 

Key:  (1).  s. 

Pig.  3.43.  Rate  of  heating  sums  of  nose/leading  edge  of  stabilizer 
in  thermoelectric  de-icing  system  i h = suon  m.  vnt.  =  km/h,  thermal 
"knives"  are  switched  ott) .  i-t y-m  l/ci*)  ,  2  -  11-18  i#vi  u-us 
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Pig.  3. 44.  Kate  of  heating  and  cooxing  in  •'dry"  air  of  skin/sheathing 
of  the  nose/leading  edge  or  stauilrzer  in  thermoelectric  de-icing 
system  (H=5000  m,  v^  =  400  kui/hj.  1  -  Ar-10,  cyclic  recurrence  40:  120, 
2  -  Tu-114,  cyclic  recurrence  X0:22 0. 
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Let  us  examine,  what  are  required  temperature  drops  in  "dry" 
for  cyclic  deicers,  in  cra«r  to  ensure  their  effective  work  under 
conditions  of  icing. 

Pig.  3.45  gives  temperature  mops  on  the  nose/leading  edge  of 
the  stabilizer  of  the  airciart  or  Tu-114,  11-18  and  An-10  for  two 
versions  of  prototype  systems  -  neating  of  cyclic  element/ce 1 1 
0.  5-0.8  il/cm3  initial  witu  the  specific  power  and  new  with  the 
increased  specific  pcwer  (to  z.J  *i/cm?  for  Tu-114  and  to  1.2-1. 5 
W/cm2  for  11-18  and  An-10),  as  w«  see,  temperature  drop  sharply 
increased,  approximately,  to  o0°c. 

Fig.  3.46  gives  a  cnange  m  tue  derivative  of  temperature  dro 
\ 

in  time,  which  characterizes  r»y  tncse  of  heating  the  noses/leadi1'  ; 
edges  of  the  stabilizer  cf  tne  aircraft  indicated  upon  the  star*  o 
de-icing  system.  From  grapn  rt  is  evident  that  the  highest  rat*  of 


heating  by  1-3°c  per  second  has  a  deicer  of  the  aircraft  of  Tu-ii<* 
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The  tests  of  de-icing  systems  with  the  increased  power  cf 
heating  on  all  three  aiicrart  types  indicated  showed  that  the 
distance  of  ice  per  cycle  or  wonc  was  provided  under  condition.'-  oi' 
icing  to  the  temperatures  or  surrounding  air  cn  the  ord  ?r  of  -20°c. 

In  this  case  on  the  aircrart  or  aii-10  and  11-18  was  noted  the 
appearance  on  the  unheatea  part  or  the  stabilizer  under  some 
conditions  for  barrier  ice  flows.  But  the  aircraft  Tu-114  in 
connection  with  the  higner  rate  or  heating  and  the  short  period  oi 
the  start  (20  s)  of  this  puencmeuon  discovered  did  not  have. 

On  the  basis  of  the  analysis  of  the  measured  temperature  ’ro’.i  [g 

and  data  from  the  work  cl  cyclic  deicers  under  conditions  of  natural 
icing  it  is  possible  tc  consider  toat  the  value  of  the  required 
temperature  drop,  attained  tor  tne  heating  time,  must  in  "dry”  air 
comprise  not  less  than  fcU°C  at  the  rate  of  heating  by  2-J°C  p-r 
second,  in  ord=»r  to  ensure  jettisoning  ice  in  cycle  at  temperature:-, 
of  surrounding  air  on  tie  order  oi  -20°C.  Under  the  mere  sever- 
conditions  of  icing,  otviousiy,  will  be  required  large  temperature 
drops. 

N 

I 

For  that  used  in  tne  senes/row  of  th“  aircraft  of  the  so-coli- 
"sandwich"  construction  cr  tn«r moeiectric  deicers  »  is  of  int?r--st 
setting  the  connection/ccam unication  of  temperature  drops  wit!.  *  h  - 
required  specific  power  or  tne  heating  of  cyclic  heating  element 


DOC 


791 16208 


F  A  o  6  31* 


(Fig.  3.«7). 

FOOTNOTE  *.  See  below  t»e  adsciipt ion  of  t her iro»lectric  de-icin  j 
system.  ENOFOOTNOTE. 

From  graph  it  follows  coat  au  increase  in  the  effectiveness  of 
system  (increase  in  the  temperature  drop  with  shortening  of  the 
heating  time)  is  connecter  with  tnc  very  large  specific  powers  of 
heating  element.  This  is  a  snot tcoain g  in  the  system  of  the  datum  of 
construction/design  and  testings  about  its  considerable  thermal 
inertness  and  large  heat  losses  in  it. 
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Fig.  3.45.  Temperature  drops  on  lateral  surface  of  noses/leadin 
edges  of  stabilizer  of  dirctau  Tu-114,  11-18  and  An-10  (8-5000 
’■  :.  I-  tl'O  kB/h)  . 
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Key:  (1).  H /cm2.  (2).  s.  (3).  version  of  system. 


Fig.  3.46.  Derivative  At/ur  of  ten perat ure  drops  on  lateral  surf, to 


cf  r.oses/leading  edges  of  stabilizer  with  thermoelectric  dc-icin 


system  (11=5000  a,  ’>'„„=40o  ti/u)  .  1  -  aircraft  cf  Tu-114,  2 


of  11-18,  3  -  aircraft  of  An-1u. 


Key:  (1).  s. 


Fig.  3.47.  Maximum  temperature  arops  on  lateral  surface  of 


nose/leading  edge  of  staoxj. izer  depending  on  specific  power  cf  cycir 


heating  element  w>.,.  {H  =  5000  m,  V=400  km/h)  . 


Key:  (1).  version  of  system.  (z)  .  m/cm2. 


Page  150. 


The  second  important  ractor  or  an  increase  in  the  effective  r.* 


of  cyclic  deicer,  as  already  mentioned,  is  the  use/applica  tier,  of  t  !.- 


thermal  "knives”,  which  are  tfte  narrow  continuously  warmed  zones. 


situated  along  leading  edge  ana  on  the  joints  of  heating  elements. 


Such  "knives"  -  divide  into  parts  the  ice  build-up  forming  on  1-alir; 


edge  and  thereby  they  facilitate  its  dropping  under  the  effect  of  air 


flow  (Fig.  3.4  8). 
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Key:  (1).  Schematic  diagram  oi  cyclic  deic  .  (2).  Element/cell  o 

cyclic  heating.  (3).  Thermal  "nmfe".  (4).  without  "knife".  (5). 
"knife".  (6).  Diagram,  which  illustrates  icing  of  profile/airfoil 
without  start  of  cyclic  heating.  ^7) .  Diagram,  which  illustrates 
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icing  of  prof ile/air foil  Miu  connected  cyclic  heating.  (8).  Air 
cushion.  (9).  Ice  is  retained.  (10;.  Surface  cf  nose/leading  edg-  is 
free. 

Page  152. 

During  the  development  or  cyclic  de-icing  systems  for  the 
sweptback  wings  (tail  assemblies)  was  voiced  the  opinion  that  in  this 
case  the  installation  cf  the  tnermal  "knives”  of  permanent  action  is 
not  necessary,  since  jettisoning  ice  will  be  facilitated  by  th& 
presence  of  the  component  or  air  flow,  directed  along  the  span  cf 
wing  (tail  assembly).  Actuaily/reaily ,  observations  of  the 
trajectories  of  those  jettisoned  rrorn  the  leading  edge  of  the 
sweptback  wing  of  the  pieces  of  ice  attest  tc  the  fact  that  th» 
component  indicated  contributes  to  the  distance  of  ice  in  direction 
on  the  wingspan.  However,  as  showed  special  experiments  on  the 
stabilizer  of  the  aircraft  of  'iu-114,  thermal  "knife"  at  the  sve^p 
angle  of  wing  of  40°  it  proved  to  ue  necessary  for  the  affective  work 
of  cyclic  deicer.  In  spite  or  the  large  specific  powers  of  heating 
(2.8  W/cm2)  at  temperature  or  surrounding  air  is  lower  than  -15°c 
deicer  of  right  half  the  stabilizer  (where  the  thermal  "Knife"  was 
absent)  it  did  net  provide  tne  distance  of  ice,  while  the  deicer  of 
the  left  half  stabilizer  (wmtu  thermal  "knife")  effectively  dumped 
ice  within  the  time,  which  mu  hot  exceed  20  s. 
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The  important  special  t  a*  t  ur  e/pecul  ia  rit  y  or  the  operation 
cyclic  de-icing  systems  ia  tue  need  for  their  timely  start.  Upon 
overdue  start  the  effectiveness  or  the  action  of  systems  sharply 
descends,  and  the  distance  or  ic  =  can  engage  not  20-90  s,  as  usual 
but  several  minutes.  This  it,  rcguires  on  the  one  hand  of  install.!* 
on  the  aircraft  of  highly  sensitive  reliable  ice- indicating 
equipment.  On  the  other  uanu,  in  recommendation  for  a  pilot  must  1 
introduced  the  indication  about  t he  start  of  cyclic  de-icing  syst- 
either  prior  to  the  entry  ut  aircraft  into  cloudiness  when  the  min 
temperatures  of  surrounding  air  are  present,  cr  at  the  very  beqinr. 
of  icing. 

One  of  important  premising  questions  is  the  development  cf  a 
signal  indicator-automatic  macnine,  which  ensures  the  automatical! 
timely  start  of  de-icing  system  anu  control  its  work  in  depend --neo 
the  icing  intensity  and  temperature  of  surrounding  air.  It  was  ur.t 
recently  for  designers  yet  impossible  to  successfully  solve  this 
question  mainly  due  to  the  absence  of  reliable  ice-indicating 
equipment . 

Another  problem  is  tae  development  of  this  cyclic  air-ii<=at 
de-icing  system  which  vcuiu  mare  xt  possible  to  considerably  r*duc 
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the  required  quantity  cr  not  die,  selected/taken  from  engines.  Fij. 
3.49  gives  one  of  the  possiol6  schematics  of  the  air-heat  de-icing 
system  of  cyclic  action  witn  longitudinal  thermal  "knife". 


As  examples  let  us  examine  several  typical  thermoelectric 
de-icinq  systems,  used  cr  contemporary  aircraft. 


Page  153. 


The  thermoelectric  de-icing  system  of  the  tail  assembly  of  th-r 
aircraft  of  An- 10  consists  of  tae  heating  elements  of  cyclic  and 
permanent  heating,  "thermal  jtnxves"  are  arranged/located  along  th  = 
leading  edges  of  stabilizer  and  fin,  and  also  on  the  joints  of  the 
sections,  warmed  cyclically.  Inc  diagram  of  the  layout  of  heating 
elements  is  given  in  Fig.  3.50. 


The  cyclic  electrical  heating  elements/cells  of  stabilizer  and 
fin  are  developed  in  3  sections,  included  ccnsecuti vely/seriall y : 
first  the  end  sections  ci  staoilizer  and  the  root  section  of  fin, 
then  -  middle  sections,  luttuer  -  the  root  sections  of  stabilizer  and 
the  middle  section  of  fin  ana  tinaily  the  end  section  of  fin  and 
washer. 


The  complete  cycle  or  tne  woe*  of  deicer  occurs  thus  for  4 
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impulses/momenta/pulses.  Feeu/supply  of  de-icing  system  is 
accomplished/realized  frcm  mains  or  direct  current  by  a  voltage  27  v. 
The  cyclic  inclusion  of  sections  is  provided  by  the  programmer,  which 
assigns  cyclic  recurrence  40: 120  (each  section  40  s  is  found  under 
voltage  and  120  s  -  in  tne  de-energized  position). 

The  electrical  circuit  diagrams  of  cyclic  heating  elements  and 
tapes  of  permanent  heating  -  tnermal  "knives"  are  represented  in  Fig. 
3.  51  and  3.52. 

the  deicers  of  the  noses/ieaumg  edges  of  tail  assembly  are  th.  - 
multilayer  construction/ design,  rormed  by  two  metal  coverings  (with 
an  external  thickness  or  0. d  mu  ana  with  an  internal  thickness  of  0.3 
mm) ,  between  which  is  located:  an  electrical  insulating  layer  (twc 
layers  of  glass  cloth  witu  a  thicKness  of  0.3  mm),  "knife"  heating 
element,  second  electrical  insulating  layer  (two  layers  of  glass 
cloth  with  a  thickness  cr  0.3  ma) ,  cyclic  heating  element  and  th-ml 
insulation  layer  (4  layers  of  glass  cloth  with  a  thickness  of  0.  1 
mm)  . 


Cyclic  element/celi  rs  tne  wire  heater,  which  is  of  two  brass 
busbars/tires  with  the  grid  soldered  to  them  frcm  the  constant*!;  wire 
with  a  diameter  of  0.15  mu.  iu  tne  locations  cf  "knives"  wire 
element/cell  is  not  distant,  i.e.,  is  provided  the  intensive  heatir.  j 


Tt '  T*  - s  rmv 
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of  leading  edges  during  tne  nock  oi  cyclic  sections. 

The  specific  power  cf  cyclic  neating  elements  is  permanent  all 
over  heating  surface  and  is  l.b  w/cm2  on  stabilizer  1  w/cis2  cn 
fuller's  earth. 

The  longitudinal  tflermai  "icnives",  arranged/located  along  spar, 
of  horizontal  stabilizer  and  iin#  are  made  frcm  by  the  stainless 
steel  thickness  of  0.2  am  and  witn  a  width  of  13  mm.  Specific 
electrical  power  of  their  neating  -  1.2  W/cm2. 
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Fig.  3.49.  Schematic  of  tue  ari-heat  de-icing  system  of  cyclic 
act  ion. 

Key:  (1).  Micro-ejector  tune  lor  tne  cyclic  supply  of  air.  (2). 
Distributing  pipe  of  thermar  "Knife". 

Page  154. 

The  transverse  thermal  "Knives"  are  also  made  from  by  the 
stainless  steel  thickness  of  u.  J  mui  and  with  a  width  of  35  mm.  Th- 
specific  power  of  the  heating  of  tneir  -1.23  W/cra2. 

The  warmed  zone  occupies  7-l0o/o  of  stabilizer  chord  and  fin. 

The  thermoelectric  Qe-iciu j  system  of  the  stabilizer  of  the 
aircraft  of  Tu-114  also  consists  or  the  cyclically  warmed 
elements/cells  and  the  thermal  "inrves"  of  permanent  heating  which 
are  a rran ged/located  along  span  or  horizontal  stabilizer.  In  cor.tr 
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to  the  system  examined  <jl ova  oi  tne  aircraft  An-10  this  de-icir. g 
system  does  not  have  transverse  tnerraal  "knives". 

The  elements/cells  or  tna  cyclic  heating  of  stabilizer  are 
broken  in  8  sections,  incruaed  consecut i vely/serially.  Cyclic 
feed/supply  is  provided  ry  the  special  program  unit,  which  includ-s 
the  heating  ot  each  section  on  20  s.  During  subsequent  220  s  the 
section  is  cooled. 

The  deicers  of  nosts/ieadin *  edges  are  the  multilayer 
construction/design,  presscu  miring  heating  in  vacuum,  analogous  to 
the  deicers,  establisheu/xustallau  on  the  aircraft  of  An- 10  (Fig. 
3.53),  Cyclic  electrical  u«atin*  element s/ce  1  Is  are  made  from  th- 
constantan  wire  with  a  diameter  ot  0.15  mm,  soldered  to  brass  power 
buses.  In  the  center  section  ot  tne  elements/cells  under  "knife"  tic 
wire  is  distant. 

The  space  of  the  ccn/wmuing  of  wire  -  variable/alt  ernatii.g 
provides  the  distribution  ot  specific  electrical  powers  of  heating 
el  ement  in  limits  frem  2.9  w/cm*  (it  is  direct  in  leading  edge)  to 
1.7  W/ca*  (at  the  end  of  tne  warmed  zone). 

The  thermal  "knife"  or  permanent  action,  established/installe  ! 


along  span  of  horizontal  stacilizer ,  is  made  frcB  the  brass  foil  wit! 
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a  width  of  20  am.  Specific  electrical  power  of  the  heatin  j  of  "k 
-  1.8  W/cm*.  Feed/supply  or  cyclic  heating  elements  and  "knife" 
accoaplished/realized  frca  mains  or  direct  current  by  a  voltage 
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Fig.  1.50.  Oiajram  of  tne  layout  or  heating  elements,  which  art 
located  on  the  tail  asseuiy  oi  tnc  aircraft  cf  An- 10.  1  -  end 

sections  of  stabilizer  ana  root  auction  of  fin,  2  -  middle  sec-  i 
of  stabilizer,  1  -  middle  section  of  fin  and  root  sections  of 
stabilizer,  4  -  end  section  or  nn  and  washer. 


Key:  (1).  the  zone  of  permanent  neating.  (2).  zone  of  cyclic  h'ati'i. 


Page  155. 


The  power,  consumed  uy  tneraal  "knife",  composes  5.^2  k*»,  rvclic 
heating  elements  -6. 6-8.5  km. 


Fig.  1.54  gives  the  grapu,  wnrch  shews  distrioution  the 
temperature  drops  according  to  Carrying  of  stabilizer  upon  the  star: 
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of  cyclic  and  permanent  heating. 

For  protection  from  tne  rciug  of  the  tail  assembly  of  airora 
"Britain",  "Vanguard",  "Argosy"  aua  series/row  of  other  foreign 
aircraft  are  applied  electrical  neating  coatings  of  the  t  ype- 
"Spraymat",  made  by  the  lagiisn  nrm  Nepir  [a  guess]  [5  1],  [17], 

Coatings  Spraymat  wixi  ce  ae^osited  directly  tc  skin/sheathi 
of  the  aircraft,  components,  snieiu=d  from  icing,  and  are  connect", 
the  constantly  warmed  zones  ana  tnt  zones  of  cyclic  heating. 


Fig.  3.  bl.  Electrical  circuit  diagram  of  the  cyclic  heating  cf 
tail  assembly  of  the  aircrait  or  An-10.  1  -  longitudinal  member 


permanent  heating,  l  -  cross  afeinoers  of  permanent  heating,  3  - 
elements/cells  of  cyclic  uedtiug,  u  -  contactors,  S  -  thermosw; 
6  -  programmer,  7  -  safety  ruses,  o  -  automatic  machine  of 


protection,  9  -  switch 
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Technology  of  the  dianuraCLUte  of  coatings  following.  Is  firs 
cleaned  the  surface  of  ncae/ica Ji.n^  edge  by  the  method,  analcjou. 
the  method  of  work  i  n  g/ 1  r  ea  uenc  ey  sand  blasting,  will  ue  deposit. 
layar  of  cement,  alsc,  tc  it  a  layer  of  electro-insulation  {glass 
cloth,  saturated  with  li^jia  yiastic)  .  Before  the  patch  of  glass- 
cloth  under  it  at  several  points,  usually  under  thermal  "knives", 
embedded  the  thermistors  tor  tuc  protection  of  the  warmed  aircru: 
componen+s  of  superheating  upon  start  on  the  sarth/gr cund. 


The  gluing  of  fiber  glass  laoric  is  accom plisn ed/r -a  1 iz e d  u 
pressure  with  the  aid  or  tut  special  elastic  tanks/balloons,  inf 
by  air,  at  temperature  cn  tno  oraer  of  1 50°C.  After  drying  of  su 
it  is  ground. 


r 


Further  is  produceu  tne  manning  of  surface  for 
arrangement/position  on  tue  nose  or  electrical  heating  sleme  r.ts/c 
in  accordance  with  the  sizes/uiaicnsions,  indicated  cn  drawing.  7r 
layer  of  insulation/isciatiun  mu  be  deposited  separational  stri- 
(with  a  width  of  2-3  mm;  rrom  tn=  adhesive,  durable  paper  cr  f r o n 
plastic  with  purpose  of  ensuring  in  production  electro-insulation 
between  separate  heatirj  elements.  Tnen  by  the  method  of 
pulverization  will  be  deposited  tuat  conducting  current  it  is 
accom  d1  ished/r  aa  li  ze  d  witn  tn=  u.a  of  the  special  pistol  to  which, 
fed/conducted  the  wire  witn  a  diameter  of  2  at  from  the  alloy 
indicated,  and  also  three  noses  tor  supplying  gaseous  products  of 
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Fig.  3.52.  Electrical  circuit  diagram  of  the  longitudinal  an! 
transverse  heating  elements  or  permanent  heating  (thermal  "kniv 
on  the  tail  assembly  of  tue  aircrait  of  An- 10.  1  -  longitudinal 
members  of  permanent  heating,  2  -  cross  members  of  permanent  ha 
3  -  elements/cells  of  cyclic  neatiug,  4  -  contactor,  5  -  progru 
mechanism,  6  -  automatic  maemne  or  protection,  7  -  switch,  8  - 
safety  fuse. 
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In  coating  by  special  prooes  is  measured  the  resistance  cf 
section  of  coating.  Pulverizatiou/atomizaticn  continues  until 
resistance  on  achieves  the  assigaed  magnitude. 
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Heating  elements  in  tne  rorm  of  the  bands  with  a  width  of  2> 
are  connected  between  tnejiscives  uy  the  copper  busbars/tires  wirh 
width  of  8  mm  whose  desi  gnat  iou/tur  pose  to  remove  the  non  uni  f  or  ;n  i  t 
of  heating  in  points  of  connections. 

After  application  or  tne  curient-conduct  ing  layer  are  remov-  : 
boundary  strips  and  will  uc  deposited  on  top  an  electrical  insula- 
layer  similar  to  the  first  layer  or  insulaticn/isolation.  Then  wil 
be  deposited  abrasion-resistant  coating  (powder  of  the  stainless 
steel  in  mixture  with  syntactic  resin)  and  is  produced  dry  inn  ami 
coloration.  The  overall  tmexuess  cf  coating  is  -1.5  mm.  Tae  appli 
protective  coatings  are  sufficiently  solid,  but  they  are  brittle, 
therefore  they  can  be  damaged  rrern  the  impacts/shocks  of  the  solid 
particles,  which  fly  at  a  nign  speed.  This  is  an  essential 
shortcoming  in  the  coating. 

The  specific  powers  or  the  neating  of  the  deicers  of  firm 
"Nepir"  comprise,  as  a  rule,  1,5-1. 8  W/cm?  for  constantly  warned 
zones  ("  knives")  and  1.7-i.b  ti/cm*  -  for  the  cyclically  warmed 
zones.  The  size  of  the  warmed  zone  is  usually  within  the  limits  v v 
12-15o/o  of  chord.  Firm  selected  tne  cyclic  recurrence  of  work  of 
deicers  1:10;  1:15  with  tne  time  or  heating  15-20  s. 

Feed/supply  of  deicers  is  accomplished/realized  by  a  three- id; 
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alternating  current  of  voltage  /Oo  V  (400  Hz),  This  substantiall 
decreases  the  weight  of  alccuic  wires  and  in  combination  with  t 
use  of  a  system  of  cyclic  action  gives  the  large  savings  of  ?l~c 
po  wer . 
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Fig.  3.53.  Cons*ruction/uesign  or  the  deicer  cf  the  nose/leading 
of  the  stabilizer  of  the  aircrart  of  Tu-114.  1  -  sk  in/s  heat  h  i  r.  j 

6=0.5  mm,  2  -  glass  clctn  o  =  0.  3  mui,  3  -  busbar/tire,  4  -  cyclic 
heating  element,  5  -  glass  ciutn  6=0.3  mm,  6  -  thermal  "knife", 
glass  cloth  6=0.  1  mm. 

Fig.  3.54.  Distribution  or  maximum  temperature  drops  according  * 
carrying  of  stabilizer  ct  aircratt  of  Tu-114  in  flight  in  "dry" 

Key:  (1).  km/h.  (2).  Is  connected  "knife"  and  cyclic  heating,  (d 
connected  "knife".  (4).  Distance  rtom  leading  edge  8  mm. 

Page  158. 

Coatings  "Spraymat"  are  cnar notarized  by  the  high  effective 
of  action  with  the  insignir lean t  tnermal  inertness  cf  deicer. 
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However,  on  reliability  ana  mecnanical  strength  they  are  inferior  * 
the  multilayer  constructions/aesigns  of  the  deicers,  used  in  the 
series/row  of  Soviet  aircraft. 

Let  us  pause  in  greater  uotan  at  the  construction/design  ar,3 
the  parameters  of  the  deicers  or  me  tail  assembly  of  aircraft 
"Britannia",  "Vanguard"  ana  "Argosy". 

Into  the  aircraft  "intannia"  the  shielded  surface  of  the  tail 
assembly  is  divided  into  tnre«=  zones:  the  first  zone  -  the 
continuously  warmed  sections  (manual  "Knives")  ;  the  second  zcr>'-  - 
sections,  warmed  periodically  wrtn  the  r elaticnship/ratio  of  th-  ti 
of  heating  and  time  cf  cooling  1:1b;  the  third  zone  -  also 
periodically  warmed  sections,  included  only  under  the  severe 
conditions  of  icing  (Fig.  3.55). 

The  first  zone  is  the  continuously  warmed  bands  with  a  wid-h  o 
25-35  mm,  which  pass  along  tue  leaning  edge  of  stabilizer  and  fin  a 
along  chord  in  the  sites  of  tne  joints  of  electrical  heating 
elements/cells.  The  specific  power  of  the  heating  of  bands  1.55-1.3 
K/cm* . 


The  second  zone  encompasses  7o/o  of  airfcil  chord  at  th= 


specific  power  of  heating  1.7 -l  w/omz.  The  third  zone  occupies 
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following  7o/o  of  chord  and  is  wairned  only  in  the  case  of  the 
formation  of  barrier  ice  (as  a  result  of  the  runoff  of  moisture  : 
the  surface  of  the  second  zone) . 

Important  fact  is  cue  tact  cnat  the  time  of  heating  the  seco 
zone  can  be  changed  in  oepenuciice  or.  the  temperature  of  surround! 
air.  At  temperature  of  surrounding  air  of  higher  than  -10°C  time 
the  start  of  the  heating  oi  eacn  Section  is  15  s,  at  temperature 
-10  to  -20°C  -22.5  s  and  at  temperature  of  surrounding  air  from  - 
to  -30°C  -30  s.  In  this  case  me  cyclic  recurrence  is  retained  th 
constant/invariable  by  1:1o. 

The  required  alectncai  power  in  impulse/mcmentum/pulse  18.9 
kW,  current  strength  in  impulse/womentum/pulse  90.8  a  (58.2  a  cor, 
"knives"  and  32.6a  -  e lements/ceiis  of  cyclic  heating). 

On  aircraft  "Vanguard"  tne  specific  power  cf  the  heating  of 
cyclic  elements/cell s  is  nighcr  tnan  on  aircraft  "Britain",  and  i 
2.35-2.5  W/cm2.  The  zones  or  continuous  heating  (thermal  "knives" 
have  the  variable/alternating  specific  power  cn  span,  whicn  corner 
for  a  fin  1.45  w/cm2  in  root  aua  1.8  W/cm2  in  end/lead  and  for  a 
stabilizer  1.55  W/ca2  in  root  and  z  w/cm2  in  end/lead. 
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Fig.  3.55.  Schematic  ot  tae  heating  of  leading  edges  of  the  tail 
assembly  of  aircraft  "  Britannia". 


Key:  (1).  Cyclic  heatir.g,  (z)  .  zone.  (3).  W/cm2.  (4).  1st  zone 
permanent  heating.  (5) .  cnords. 


Page  159. 


This  distribution  of  the  specxric  powers  according  to  span  is 
dictated  by  the  necessity  ox  tae  more  intense  protection  of  the 
sections  of  tail  assemtxy. 


The  diagram  of  the  tayuut  ot  neating  elements  on  the  tail 
assembly  of  aircraft  "Van^uara"  ij  given  in  Fig.  3.56.  The  de-icii  ; 
system  consists  of  ten  separate  sections  -  four  cn  fuller's  sart' 
six  on  stabilizer. 
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The  bands  of  continuous  neat^ng  are  arranged/located  along  t 
leading  edge  of  stabilize!.'  ahd  tin  and  along  chord  in  the  sites  o 
the  joints  of  the  secticns  or  cycixc  heating. 

Cyclic  recurrence  ct  none  ot  aeicer  1:12.  Depending  on  th« 
conditions  of  icing  can  be  selected  one  of  the  two  possible  versi 
of  cyclic  recurrence  1G;12U  (10  s  ueatinq,  120  s  cooling)  or  20:2 

(20  s  heating  and  240  s  cooling).  The  modes/ccndit iens  of  cyclic 
recurrence  change  by  hand  with  the  aid  of  switch,  which  is  locate- 
cockpit.  Thus,  one  complete  cycle  occurs  each  130  or  260  s.  Hea* i 
elements  on  fuller's  earth  arc  arrang^d/located  symmatricall y 
relative  to  the  leading  edge;  on  stabilizer  due  to  the  presence  o 
the  negative  angle  of  stauilizer  setting  the  warmed  zone  to  upper 


surface  is  u.oro  than  on  lower 
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Fig.  3.5ft.  Diagram  of  tne  layout  oi  heating  elements  on  the  tail 
assembly  of  aircraft  "Vanguard".  1  -  upper  section  of  fin,  2  -  .mi 
upper  section  of  fin,  3  -  wiaaie  rower  section  cf  fin,  4  -  root 
section  of  fin,  5  -  end  section  or  stabilizer,  6  -  middle  section 
stabilizer,  7  -  internal  section  of  stabilizer. 

Key:  (1).  Lower  surface  or  staoinzer.  (2).  zcne  of  permanent 
heating.  (3) ,  zone  of  cyclic  neating. 
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For  the  protection  or  uoses/ieadir.g  edges  the  tail  assembli* 


from  the  possible  damage  oy  nail  or  solid  particles,  available  on 
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VPP  ,  in  the  zona  with  a  wiatn  or  1t»5  mm  sverxu  and  from  below  fro 
leading  edge  will  be  usea  tne  ij.ecial  protective  coating  Standguc 
of  the  firm  of  Nepir. 

The  power,  consumed  oy  deicer,  does  not  exceed  34.2  kW  c£  t. 
of  18.5  kw  it  consumes  cyclic  system  and  15.7  kw  -  thermal  "kmv'r 
If  heating  antire  deicer  was  ^roauced  continuously,  thQn  it  wcu]  \ 
required  by  218  kW  of  electric  power. 

The  twin-finned  ■►ail  or  aircraft.  "Argosy"  also  has  the  de-ic 
system  of  the  firm  Nepir  -  coating  Spraymat. 

The  deicer  of  tail  assembly  consists  of  two  independently 
working  systems:  the  first  system  encompasses  the  nose/leadinc  ed 
of  stabilizer  on  spread/scope  witn  a  length  of  7.14  m,  the  second 
noses/1 ea ding  edges  cf  rctn  bias,  norn  elevator  balances  and 
remaining  sections  of  tfte  leading  edges  cf  stabilizer,  which  ad  jo 
the  fin  from  internal  and  taCc.  Ine  total  shielded  area  is  8.15  m 
and  is  divided  almost  equally  oetween  two  systems  (3.95  m2  -  sys* 
No.  1  and  4.19  ra2  -  system  No.  r) . 

Each  system  consists  or  ten  cyclically  warmed  zones  with  tho 


bands  of  continuous  heating  to  leading  edge,  also,  along  chord  of 
sites  of  the  joints  of  heating  elements. 


DOC  ='  79116208 


3 ¥t 


The  laying  out  cf  tue  snrelaea  surface  of  tail  assembly  to  zon 
and  the  sequence  of  their  starts  are  given  in  Fig.  3.57.  As  can  i.>- 
seen  from  figure,  the  start  or  tue  heating  cf  zones  and, 
consequently,  also  jettisoning  ice  in  these  zones  occurs 
asymmetrically  relative  to  longitudinal  axis  of  aircraft  and  also 
relative  to  the  leading  edges  or  stabilizer  and  fin. 


Xn  de-icing  system  there  are  two  cyclic  switches  to  10  pcsiti 
-  on  one  to  each  systei. 


Electric  power  is  developed  oy  four  a-c  generators, 
established/installed  cne  on  eacn  power  plant. 


Table  13  gives  the  teguirei  powers  for  de-icing  systems. 


The  specific  power  cf  tne  neating  of  all  cyclic  zones  is  ^.7 

W/cm*,  the  bands  of  permanent  neating  -  1.24  w/otn2  for  stabiliz-r 

I- 

1.45  U/cni*  for  a  fin  (1  k/cur*  in  root  and  1.45  k'/cmz  in  the  enrf/L- 
of  the  f ir.)  . 


The  sections  of  the  aa^cer  or  the  tail  assembly  of  aircraf* 
"Argosy",  the  same  as  of  aircraft  "Vanguard",  are  made  directly  wit 


i 
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the  construction  of  aircidit. 

The  constructior./design  or  tna  deicer  cf  nose/lea  ling  edqt  i. 
represented  in  Fig.  J.  So. 

The  de-icing  system  or  tne  wing  of  aircraft  C-1J3A  "Car  gcrca  s* .  r " 
with  four  turboprop  engines  -  is  air-heat  of  cyclic  action. 


mm m 


i  iWRi 


pm** 
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Fiq.  3.S7.  Diagram  of  tee  iayoi,  t  oi  heating  elements  on 
assembly  of  aircraft  "Sivjuoy". 


the  t  a 


Key:  (1).  Thn  specific  poner  ui  abating  the  bands  of  the  pern,  a 
heating  of  fin  w/cm?.  U).  eo^ct  surface  of  stabilizer.  (1). 
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(4).  zone  of  permanent  ntatinj.  io;.  zone  of  cyclic  heating. 

Pa  g  e  16  2. 

For  protection  from  icing  ao  utilized  the  not  air, 
selected/taken  from  the  cuiii^LsoaUti  of  engines.  The  de-icing 
of  the  combined  action,  ic  piuviact,  L  he  continuous  heating  c: 
edge  and  cyclic  -  lateral  surrace  of  the  wing  leading  edges. 

The  schematic  diagram  or  ue- icinq  system  is  given  in  i  : . 

The  air,  sel<?cted/ta*ca  tto»  engines,  through  re verse/ir. v 
and  locking  .3,  d  valves  eaters  u.otrihutinq  pipe,  from  which  t 
falls  into  the  wing  leauiag 

To  leading  wing  edge  cue  a..r  enters  through  eight  pn^unat 
valves  5  and  7,  controlrea  u/  ucitiicids.  In  the  system  of  th'~ 
continuous  heating  of  learning  wm^  edge  are  t  h^r.mos  wi  tches ,  wh 
clos°  the  valves  of  air  suppx  y  a t  iecu'eratuie  of  s u r r c u n d r n  g  a 
higher  than  -  4  °  C . 

The  signaling  of  tut  ut<sii  position  of  valves  is 
accom p 1  is h ed/r a a  1 ized  witn  tn-  aiu  of  the  special  indicators, 
ar  ranged/  locat  cn  the  control  p^i.el  of  the  de-icing  system  c 
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and  tail  assembly  on  tht  instruuifcnt  panel  of  fliqht  engineer  (on 
to  each  half  wing) . 

'fhe  cyclically  warmed  rcuc  or  the  wing  leading  edge  is  riiv: 
in  12  sections  (on  6  tc  one  nail  wing)  by  length, 
approximately/exemplar li y,  oy  a. 7  m.  Air  is  supplied  on  12 
conduits/inanifolds  thrcuyn  ^neumanc  valves  4  and  6,  the  control 
timers  which  alternately  supplies  leed/supply  tc  each  valve.  Ti;; 
connected  with  the  tem pe rat ura- sensing  device,  mounted  in  right 
landing-gear  fairing,  ar.a  actuates  the  valves  of  cyclic  de-icir,  : 
system  in  the  determines  oruar  ana  on  thp  specific  time,  whicr 
depends  on  the  temperature  of  surrounding  air.  The  cycl->  ot  cr::. 
begins  with  the  outer  valve  ot  njnt  half  wing  and  concludes  wi* 
valve  of  left  half  wing  neat  cn<5  ruselage.  Timer  always  begins  * 
cycle  of  valve  opening  n,  tuis  sequence,  if  the  preced ing/pr- vie 
cycle  was  completed  to  ti  i  disconnect  ion  of  system. 
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Key:  (1). 
heating, 
normally 
generator 


De-icing  system.  (2)  .  Spent  power  in  zone.  (3).  pern  ir. 
(4).  warmed  c  yc  ncair  y .  (5).  4.8  kW  (from  generator  No. 

and  No.  1  in  emergency  case).  (6).  From  9.9  to  10.1  kw 
No.  1  it  is  nctmai  ana  No.  4  in  emergency  case)  . 
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Thus,  jettisoning  from  wing  occurs  unsymmetr ically  relative  to  - 
longitudinal  axis  of  aircrart. 

It  necessary  for  continuous  operation  of  deicer  or  raaifur.c- 
of  timer  is  provided  fcr  tne  emergency  system,  hand-operated,  w: 
the  aid  of  which  simultaneous!/  arc  opened  all  valves  and  are  cl 
the  valves  of  air  supply  to  tne  reading  edge  cf  the  wing  leading 
edge.  In  this  case  necessary  visuarly  to  follow  the  winj  and  to 
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of  f/d  isconnec  t  heating,  as  soon  as  ice  it  will  be  distant. 

System  is  shielded  from  su^uieating  by  the  thermo  switch-* 
arranged/located  on  the  xower  siaa  of  the  lower  covering  in  t  f; 
middle  of  each  section.  Larrng  iicdting  of  the  sensor  of  thermc 
to  temperature  of  60°C  switcnes,  ueen  connected  in  series  with 
valves,  are  broken  and  tnay  erase  the  latter/last  net  later  th. 
within  three  seconds. 
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Fig.  3. 58.  Construction/aasign  or  the  deicer  cf  the  nose/1  °a dir. g 
of  aircraft  "Argosy".  1  -  section  cf  nose/leading  edge,  2,  3  - 
terminal  boards,  4  -  internal  insulating  layer,  (2  layers  of  th* 
glass  cloth,  saturated  witu  plastic),  5  -  curr ent-conduct  ing 
elements/cells  from  the  alloy,  sprayed  on  the  actions  of  flame,  n 
8  -  copper  busbars/tires,  applied  by  pulverization/atomization  ur 
the  action  of  flame  above  tue  current-conducting  layer,  Q  -  ext-i 
insulating  layer  (I  layer  or  uw  glass  cloth,  saturated  with 
plastic),  10  -  boundary  or  insulating  layer,  11  -  terminal  of  th - 
grounding  of  protective  coating  (Stanguard) ,  12  -  protective  coat 
(Stanguard)  ,  which  consists  oi  the  powder  of  the  stainless  steel, 
connected  with  synthetic  resin,  U  -  boundary  cf  protective  coati 
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(Stanguard) ,  14  -  paint  ana  varmsn  coat. 

Page  164. 

In  the  valves  of  ait  supply  in  wing  panel  are  limit  switches, 
file  closers  circuit  to  two  indicators  of  the  normal  operation  of 
valves  "left  half  wing"  and  "ngnt  half  wing".  Indicators  give 
readings  depending  on  the  postticn  of  valves  "opened"  or  "closed" 
during  entire  time  of  its  wcik. 

The  operation  of  valves  can  oe  checked  on  the  earth/ground  o:  i: 
flight  with  the  aid  cf  the  switcnes  of  checking  the  valves  of  1  iii:.; 
edge  and  cyclic  wing  panels  (momentary  contact  switch). 

8.  Some  comparative  data  along  tne  air-heat  and  thermoelectric 
de-icing  systems. 

The  setting  up  of  de-icing  system  unavoidably  causes  a 
deterioration  in  f light-t«cnmcai  and  operational  data  of  aircraft  is 
a  result  of  the  decrease  or  taiust  or  power  (if  the  energy  scute-  f 
a  system  is  airplane  engine),  increase  in  the  consumption  of  fuel, 
gain  in  weight  and  complication  ot  construction/design. 

A  deterioration  in  these  data  will  be  different  depending  on  th« 
type  of  de-icing  systea  ana  specific  characteristics  of  aircraft  and 
it  can  be  brought  to  the  aimiui  during  correct  design. 
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Fig.  3.59.  Schematic  diagram  or  uie  de-icinq  system  of  the  wirq 
aircraft  "Cargcmaster" .  1  -  art  orted  from  engines  to  the  h-?a*i 

winq,  2  -  check  valves,  j  -  cuac*.  valves  in  the  system  of  air  b 
of  engine,  U  -  locking-reduction  valves  cf  center  section,  5  - 
locking-reduction  valves  or  tuc  lauding  edge  cf  center  secricr,, 
locking-reduction  valves  or  outer  wing  panel,  7  -  locki ng-re d uc 
valves  of  the  leading  eage  or  outer  wing  panel,  8  -  locking-rri 
valves  of  outer  wing  panel,  9  -  rocking-reduction  valve  of  tail 
assem  bl y . 


Key:  (1).  To  pneumatic  protectors  of  tail  assembly. 
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There  are  three  t  undamciitar  methods  of  the  selection  of  =r. 
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from  turbojet  engine  for  the  de-icing  system: 


1)  the  use  of  mechanical  energy  from  the  shaft  of  compressor  art 
its  transformation  intc  tnc  eiecuical; 


2)  the  use  of  the  heated  axr  rrom  the  compressor  of  the  engin- 


3)  use  of  thermal  energy  oi  exhaust  gases, 


The  first  method  requires  tue  setting  up  of  sufficiently 
powerful/thick  generators,  especially  if  it  is  possible  to  shield 
from  icir.g  large  surfaces  (wing,  tail  assembly). 


Simple  calculation  snows  tnat  for  a  thermoelectric  continuous 
system  would  be  required  tne  too  powerful/thick  electric  powor 
sources,  setting  up  which  it  xs  difficult  to  carry  out  on 
contemporary  aircraft,  inererore  all  at  present  thermoelectric 
de-icing  systems  of  wing  and  tail  assembly  used  are  systems  cf  cvcl 
action. 


Is  most  simple  the  second  uetnod,  since  it  does  not  require  an 
supplementary  settings  up  -  tne  an,  selected/taken  from  compressor 
and  which  has  temperature  or  lbd-2U0°Cf  directly  is  utilized  in 
de-icing  system. 
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Using  the  third  method  tne  exnaust  gases  are  abstract»d/r-’ mov  ! 
from  jet  nozzle.  In  this  case,  since  the  temperature  of  gases  is  ’  ^  ' 
high,  then  they  must  be  tuixea  him  the  specific  quantity  of  col  ;  ,1 :  : . 
Due  to  possible  corrosion  or  conauits/manitolds  and  construction  >: 
the  aircraft  this  methcu  aid  nor  receive  wide  acceptance.  Anc+.n-r  »  ly 
of  using  heat  energy  of  exnaust  gases  -  use/application  of 
heat-exch  .nger,  placed  cu  rue  exhaust  of  the  engine,  in  which  is 
heated  the  air,  which  conies  from  velocity  head.  The  de-icing  i 

of  this  diagram  is  realized,  ror  example,  on  aircraft  "Vanguard"  a:.: 
"Argosy" . 


Let  us  pause  in  somewnat  more  derail  at  comparative  data  of  t«' 
types  of  de-icing  systems,  wnicu  outained  widest  acceptance  ci: 
contemporary  aircraft  -  continuous  air-heat  and  thermoelectric 
(cyclic)  . 

Effectiveness  of  the  action  or  Je-rcing  systems. 


During  comparison  let  us  proceed  from  the  fact  that  each  system 
must  ensure  protection  xroa  icing  under  the  calculated  conditions 


accepted 
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The  advantage  of  ther moelectt ic  de-icing  system  consists  i  r.  t 
fact  that  available  electric  power  virtually  does  net  depend  or. 
engine  power  rating,  heigac/aitituae,  flight  speed,  temperature  o* 
surrounding  air.  For  the  air-neat  system  with  air  bleed  from  t !. ;■ 
compressor  of  turbojet  engine  tne  available  heat  almost  is 
proportional  to  atmospheric  density  and  directly  it  depends  on  '-ng 
re vol utions. 

Page  166. 

Thermoelectric  de-iciag  system  possesses  the  higher  hea+ 
availability  factor  {especially  tue  system  of  the  type  "Spraymat" 
whose  heating  elements  ate  arranged  directly  on  the  shielded  sut'a 
and  which  has  low  heat  rcssesj  . 

Requirements  for  energy. 

For  the  thermoelectric  cyclic  system  there  is  required  severe 
times  less  energy  than  icr  tne  air-heat  continuous  system. 

The  smallest  requirement  tor  neat  for  the  air-heat  system  is 
reached  in  the  case  of  tne  complete  evaporation  of  the  drops  of  w>= 
over  the  area  of  *heir  settling.  However,  It  is  very  difficult  to 


provide  heating  sufficient  roc  evaporating  the  drops  with  warm  air 
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the  low  sections  of  surface.  One  snould  in  this  case  consider  r 
the  one  hand  for  strength  reasons  ror  constructions/designs  of  t 
aluminum  alloys  the  te  n  terat  ure  or  the  air,  which  enters  the  :~y.v 
must  not  exceed  230°C,  on  tne  otner  hand,  the  effective  conv-c* : 
heat  transfer  between  circulating  heated  air  and  skin/sheathing 
the  leading  edg°  of  the  winy  is  provided  only  at  a  sufficient  pa 
length,  passable  heated  air.  Or  eat  widespread  use  obtained  the  r. 
of  the  shallow  channels,  arr angcu/ located  along  airfoil  chord  (a 
for  instance,  in  the  deicer  or  tn«=  wing  of  the  aircraft  of  Tu-10 
An-24,  described  above),  it  snoulu  be  noted  that  the  depth  of 
channels  exerts  a  consiutraoie  eiiect  on  the  effectiveness  of  h-. 
exchange  -  for  example,  an  increase  in  the  depth  of  channels  fro 
to  5  mm  »  involved  an  increase  in  the  quantity  of  heat  from  sour 
20-25o/o  for  guaranteeing  tne  prescribed/assigned  temperature  of 
surface  (best  heat  exchange  is  accomplished  in  the  channels  whos 
length  is  considerably  mere  than  tneir  perimeter). 

FOOTNOTE  >.  In  one  of  ccxicrete/specif ic/act ua  1  constructions. 
ENDFOOTNOTE. 


Designer  is  forced  to  staren  ror  tne  optimum  version  of  system, 
a  great  increase  in  the  length  ci  channels  althcugn  improves  h^a 
exchange,  in  this  case  the  oveCail  requirement  for  a  quantity  of 
increases.  Increases  also  tne  structural  weight.  For  the  wing  of 
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average  sizes  by  this  optimum  version  is  the  heating  in  section 
12-ISo/o  of  airfoil  chcia. 

Thermoelectric  system  considerably  more  easily  provides  th<- 
heating  of  the  surface  cl  oiualx  sxzes/di mensicns. 

Construction/design  cf  system  anu  its  reliability  in  operation. 

The  major  advantage  or  tne  air-heat  continuous  system,  as 
already  mentioned,  in  simplicity  or  its  construction/design.  This 
advantage  when,  on  the  airci.au,  sufficient  sources  of  hot  air  ar 
present,  is  frequently  utcisive  *uen  selecting  cf  the  type  of  sys 

The  failure  probability  or  tne  air-heat  system  is  very  low. 


Page  167. 

Failure  is  feasible  only  with  tne  iailure  of  the  mechanisms  of  * : 
opening  cf  shutters/val ves  whose  quantity  in  continuous  system  i; 
small.  However,  the  damages  or  tne  conduits/manifolds,  channels  < 
corrugation  and  dual  skin/sneatnin*  (which  could  seriously  upset 
operatior  of  system)  appear  extremely  rarely  *. 


FOOTNOTE  '.  In  practice  are  Known  the  cases  of  destruction  of 


wmm 
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conduits/manif olds  and  cta&L  amazes;  however,  their  reasons  w as 
usually  the  use/appl ication  or  material,  not  answering  the 
requirements.  EN DFOOTNC It. 

Thermoelectric  system  witu  its  longitudinal  and  transverse 
thermal  "knives",  generators  or  alternating  (cr  constant)  curreu 
programmers,  contactors  ana  ao  loit’n  is  more  com  plicate  1 ,  its  fa 
is  more  probable.  System  requires  stricter  control/check.  As  s!o 
experiment  of  operation,  possibility  of  hot  spots,  the  lamage  o: 
electrical  heating  e  lenients/Cciis  and  main  leads  ar=  not  com  {■!  =  *■ 
removed.  It  is  considers  that  ror  a  thermoelectric  system  oi  ti. 
type  "Spraymat",  in  spite  or  tne  presence  of  protective  coatin;, 
essential  shortcoming  is  ta«  possibility  of  damaging  a  heating  i 
as  a  result  of  “rosicn  irom  tain  and  hail  in  flight  at  higri  ra*  ' 

The  production  of  tner  iuoeltctiic  system  in  comparison  with 
air-heat  is  also  more  complicated  and  la  bor-ccnsumi  r.g. 

do  we  ver ,  the  ther me elec trio  system  cf  cyclic  action  allows, 
already  irentioned,  to  restrict  zone  heating  approximately  by  sec 
that  constitutes  80/0  ct  airroir  cnord.  This  has  important  valu* 
especially  when  designer  on  any  reasons  does  net  have  the  capabi 
to  arrange  zone  heating  in  ^eo:tion  by  the  extent  12-15o/o  chot  i, 
which  is  necessary  for  tne  ai*.-nedt  continuous  system.  Is  net  al 
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also  desirable  arr angement/^osi tion  in  the  leading  edge  or  the 
of  the  conduits/mani fo  Ids  or  not  dir,  which  occupy  consider  a  i.  L 
pi  ace. 


Another  advantage  01  cue  c  iiej.  woele  ctr  ic  system  is  the 
possibility  of  more  precise  uistr luution  of  supplied  energy  cv~ 
protected  surface  in  accordance  wxth  requirements  and  the  possi 
of  the  more  precise  reguiatioa  ct  necessary  temperature  dependi 
the  conditions  of  icing. 

It  should  also  be  uoicd  that  m  contrast  to  the  air-heat 
thermoelectric  system  cr  tn«  type  "Spraymaf"  can  be 
established/installed  almost  ou  any  dimensions  and  form  parts  a 
parts  of  aircraft. 

2ffect  or  flight  aircrart  guaiity/i-ineness  ratios. 

Air  bleed  for  de-icing  system  from  compressor  considerably 
decreases  the  thrust  of  tjrnojet  o*.  the  power  of  turboprop  engi 
which  has  especially  iitt-crtant  vaiu“  with  the  operation  of  enai 
maximum  and  nominal  ratings. 

For  a  turbojet  engine  tne  decrease  of  thrust  almost  is  dir 
proportional  to  a  quantity  of  seiacted/t aken  ait.  For  example. 
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protection  from  aircraft  iciuj  xt  x3  taker  by  60/0  of  j uu h* i- y 
air,  expended  by  engines,  tutu  nij  engine  thrust  also  tecrea  ; 
approximately  So/o. 

?aqe  168. 

Turhoprop  engine  is  more  o>ruixtive  to  shortage  of  the  air 
entering  it,  since  each  t=ro=ut  or  th  ?  air  selected/taken  by 
entails  a  redact  ior./desctut  in  tae  power  of  engine  2-Jo/o.  i:. 

connection  with  this  or.  airciait  wx+'n  turboprop  anjines  usual  )y 
cannot  be  takan  direct  1 1  uo«  tu«  compressor  the  quantity  of  vr 
required  for  de-icinq  system,  ana  therefore  are  appl  ied  eit!.c  : 
with  the  ejectors  (a?  ci  cue.  aixCxuft  An-24)  cr  th*  system  wi* : 
exchangers,  which  to  a  lesser  asa. decreases  the  power  of  -r  r 

According  to  the  data  ci  wor*  [37]  the  maximum  quantity  c: 
which  can  be  selected  for  piotectxcn  from  icing  from  turbojet 
must  not  exceed  12o/o,  iron  tuirotan  engine  -  7c/c  and  from  tui 
-r>o/o. 


Thermoelectric  de-mu  j  system  with  power  take-off  to  gone 
from  the  shaft  of  the  ccnpicssoi  or  engine  has  the  definite  a  Iv 
in  this  respect.  Losses  la  tarust  uuring  selection  of  ona  and  * 
same  energy  content  from  eiijine  iol  a  thermoelectric  system  arc 
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considerably  less  than  rot  air-neat.  If  we  in  this  case  consid<=-:  *  i.  :* 
also  requirement  itself  tor  energy  for  a  cyclic  thermoelectric  iy.  ~ 
is  much  less  than  for  tue  system,  which  uses  continuous  heatiri  '  v 
warm  air,  then  this  advantage  will  become  even  more  consider  a  ill*'  . 
According  to  calculation  data  tn  =  selection  of  sufficient  tor 
protection  from  the  icing  or  energy  content  from  engine  in 
thermoelectric  system  decreases  us  thrust  not  more  than  by  1  z/r., 
i.e.,  several  times  is  less  tuan  in  the  case  cf  air-hear  sys*cr; 

FOOTNOTE  l.  Is  examined  protection  from  the  icing  of  wing  mu  •■ail 
assembly  of  aircraft  with  rour  gas  turbine  engines,  which  work  u; 
nominal  rating.  ENDFOOTNur'E. 

Losses  in  the  engine  tnrust  make  flight  aircraft 
quality/ fineness  ratios  worse  ana,  in  the  first  place,  its  rav  o* 
climb.  In  connection  with  tms  deserves  attention  safety  heu  :  r  <  ~ 
ic ing,  based  on  the  use  or  tne  coaiuinsd  air-heat  de-icing  system  wi-  •. 
de vices/eguipment  for  cuuoi  nr  tne  boundary  layer.  This  m?+hoi 
[56],  about  which  alreauy  oritrlj  it  was  communicated  in  Sect  ion  , 
makes  it  pos  ;ible  to  decrease  tne  negative  effect  or.  the  air  civ.  f  * 
performance  of  air  bleeu  rrom  engines. 

Is  of  also  interest  com  par  loon  by  the  weight  of  the  air-t-i*  .  •.  i 
thermoelectric  system. 


DOC  =  79116208 


P  AGr. 


The  weight  of  de-icing  systems  on  old  aircraft  types  with 
engines  oscillated  in  ccnsidera uxa  limits  depending  on  type  and 
construction/design  of  system,  tor  example,  or.  .irciatt  Boeing 
the  weight  of  de-icing  system  composed  altogether  only  0.  3o/o  o 
takeoff  weight,  on  airciatt  Jou^iia  DC-6  -  l.lo/o,  and  the  airc 
Airspeed  " Ambassadeur"  -  1. 7o/o. 


Page  169. 


As  shows  statistics,  on  cou temporary  passenger  aircraft  the  wei 
de-icing  system  (designed  m  accordance  with  the  design  conditi 
accepted)  composes  0«6-1c/o  or  taxeoff  weight.  In  this  case  tn<- 
no  considerable  differenca  rn  tne  all-Union  on=s  between 
thermoelectric  and  air-neat  systems. 


Work  [40]  gives  comparison  uj  the  weight  of  indicated  syst 
for  the  aircraft  with  four  gas  turnine  engines,  which  has  vir.g 
139  m*.  These  data  are  given  neiow. 

From  the  given  data  we  sea  taut  the  air-heat  system  has  cc 
advantage  in  weight,  however,  on©  should  tak=  into  consideratio 
in  these  data  the  weight  or  a-c  generators  is  connected  in  the 
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weight  of  thermoelectric  system,  wnile  usually  on  aircraft  thes^ 
generators  are  used,  also,  ro:  outr  users  of  electric  power.  Thus, 
in  actuality  the  weight  a  tner moeiectric  system  must  be  somewhat 
reduced. 

Work  f  40  ]  for  the  'ircrait  iu  question  gives  also  the  data 
an  increase  in  the  specific  riel  consumption  in  working  de-icir:  ; 
system.  That,  for  example,  ciunug  air  bleed  from  t ue  compr esscr.' 
turbojet  engines  for  the  operation  of  the  air-heat  system  for  or.« 
hour  it  is  necessary  tc  additionally  consume  272  kg  of 
fuel/ propellant . 
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Key:  (1).  I.  air-heat  system  or  continuous  action.  (2).  Aircrart. 
turboprop  engines.  (3).  weigat  ot  neat  exchangers.  (4).  kg.  (5). 
Weight  of  valves  and  controls.  (o) .  Weight  cf  ccnduits/manif olds 
dual  skin/sheathing.  (7).  in  wing.  (8).  in  tail  assembly.  (9).  z 
weight  of  system.  (10) .  Aircraft  with  turbojet  engines  (air  L1-- 
frern  ccnpressors)  .  (11).  wei^ut  or  conduits/manifolds,  lual 

akin/sheathing,  mixing  chamoers.  t  3 <2 )  .  II.  Thermoelectric  sys^-n 
cyclic  action  of  the  type  "Spra/uiat".  (  1  J)  .  Weight  cf  four  a-o 
generators  on  40  kW,  (14).  waignt  of  electrical  heating 
elements/cells,  wiring/rua,  controls. 
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Page  170. 

For  the  air-heat  system  witu  neat  exchangers,  established /inst al  1-.- 
on  turboprop  aircraft,  are  re^uircu  by  180  kg  of  fuel/propel  lan* , 
also,  for  a  thermoelectric  cycnc  system  -  1  1 C  k y  of  fuel/prcp-j  1  i 

Maintenance. 

The  air-heat  system  witn  urrect  air  bleed  from  compressors  is 
simpler  in  maintenance/ser  vrciii  q.  m  operation  the  routine 
maintenance  work  along  this  system  usually  is  reduced  to  the  perio 
inspection  of  the  mechanisms  or  control  and  ccn tr ol/check  and 
checking  of  the  state  cr  some  cooa uits/manifolds.  The  service  lit' 
the  air-heat  system  with  exception  of  the  mechanisms  of  control  an 
control/check  is  determines  oy  tne  service  life  of  the  construe* io 
of  the  aircraft. 

Servicing  the  same  system  «utn  heat  exchangers  is  more 
complicated,  since  in  operation  are  required  regular  inspections  a 
checkings  of  the  state  of  cue  neat  exchangers,  which  underjo  larg-* 
thermal  stresses. 
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The  maintenance  of  tus  tnermonlectric  system  is  more 
la  bor-con  sumi  n>i  than  the  air-neat  one.  For  this  system  in  opera* io 
are  necessary  the  routine  inspections  and  the  repairs  of  the  a-c 
generators,  of  programmers,  cnc.CK.mg  of  electrical  heating 
elements/cells,  wire  insulation  ana  other  works.  The  service  ]if? 
system  is  usually  lesser  tnau  tne  service  life  of  the  construction 
the  aircraft. 

After  f eed ing/c cn d uct_ng  ouws  to  the  snort  comparative 
examination  of  two  systems,  it  is  possible  to  draw  the  conclusion 
that  the  thermoelectric  ua-icmg  system  of  cyclic  action  has 
advantages  in  the  consideraai®  savings  of  energy,  selected/taker.  - 
engines,  in  considerably  smaller  negative  effect  on  the  engirt*  thr 
and  of  aircraft  performance,  in  tne  possibility  of  setting  up  a] mo 
on  any  parts  and  parts  ana  possioiiity  of  decreasing  the  size  of  t 
warmed  zone  along  airferi  cncru. 

On  the  side  of  the  air-ueat  continuous  system  -  simplicity  ct 
construction/design  and  maiuteuancc/ser vicing ,  large  reliability, 
cheapness.  It  should  be  noteu  tnat  during  the  development  of  the 
air-heat  systems  of  periodic  action,  advantage  of  thermoelectric- 
system  considerably  they  a®cte<is®. 

A  question  about  a  selection  of  the  type  of  system  always  mis 
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be  solved  concre  tel  y/s  peci-tica!  ly/act  ua  11  y  taking  into  account  th 
available  sources  of  energy  ana  technical  flight  character ist ics  c 
aircraft. 

9.  Protection  from  the  icing  oi  power  plants. 

To  the  de-icing  system  or  tne  power  plants  of  aircraft  (cr 
helicopter)  are  presentee  nigner  requirements,  than  for  the  sy.s*^F 
of  aircraft. 

Page  171. 

This  is  explained  by  the  tact  tnat  the  flight  safety  must  be  provi 
in  any  flight  conditions;  tneicioie  efficiency  of  power  plants  irur 
not  be  seriously  reduced,  as  were  not  heavy  conditions  during  erti 
time  when  aircraft  will  te  located  in  the  zene  of  icing. 

Are  known  the  cases,  wneu  icing  led  to  damage  or  complete 
service  failure  of  pisten  ana  gas  turbine  engines.  For  cxauiple,  or 
one  of  the  aircraft  were  discovered  the  icing  cf  the  grid  of  the 
throttle  case  of  piston  engine,  the  involved  cessation  of  air  ir.ta 
into  engine  and  its  step  (Fia.  J.oO).  For  eliminating  this 
shortcoming  it  was  necessary  to  considerably  enforce  the  heading 
grid. 


o 
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The  axial-flow  compressor  o r  gas  turbine  engine  is  especiall 
sensitive  to  icing,  since  unuer  conditions  of  icing  ice  can  intr!i 
be  formed  on  intake  guide  vanes,  on  the  blades  of  the  first 
series/rcv  of  rotor  and  stator.  Ine  icing  of  these  elements  cf. 
construction/design  can  ra^in  uunng  several  minutes,  wnich  car. 
involve  the  considerable  decrease  of  the  power  of  engine. 


Serious  can  be  the  cases  or  carnage  ice  of  compressor  blades, 
especially  if  they  are  mace  from  aluminum  alleys  (Fig.  i.o  1)  . 


Comparatively  recently  taming  January  1960  )  above  the 
territory  of  the  United  states  or  America  suffered  catastrophe  *■ ! 
passenger  turboprop  aircialt  "Viscount".  The  committee  of  the  civ 
aviation  of  the  USA  estamsnea  taat  the  reason  for  catastroph-  w 
the  failure  due  to  the  icing  of  all  four  engines  cf  aircraft  as  a 
result  of  the  overdue  start  or  ue- icing  system.  This  case  agair 
confirms  that,  the  turboprop  engines  are  very  sensitive  to  icinj  a 
for  them  is  required  higniy  erne  lent  and  reliable  anti-icing 
protection. 
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Page  172. 

The  special  experiments,  carried  out  by  the  author  on  the 
aircraft  of  An-10,  showed  mat  upon  the  overdue  start  of  de-icing 
system  ice  formation  on  mret  components  can  seriously  upset  the 
operitior.  of  engines  (up  to  tucir  complete  disconnection).  This  i: 
explained  by  the  fact  that  inside  engines  fall  the  pieces  or  re¬ 
ducing  their  jettisoning  rcoui  an  intakes,  in  this  case  occurs 
flameout  in  combustion  cnautuers.  rt  is  characteristic  that  the 
disturbances/breakdowns  in  tue  conation  of  engine  are  lirectlv 
connected  with  a  quantity  or  ice  wnich  can  simultaneously  be  dun--- 
into  engine  gas-air  channel.  On  tat  aircraft  cf  An-10  the 
incidencF/impingemer. t  ir.to  tne  engine  AI-20  of  the  pieces  or  ic  *  w 
a  thickness  of  10-15  mm  ana  witu  length,  equal  to  the  half  of  th* 
circumference  of  air  irtaHe,  leias  to  sharp  drop  in  power  of  *?r.  j  ir. 
and  decrease  of  its  revolutions  to  3-4o/o.  The  incidenco/im p i rup'.n -■ 
of  large-size  ice  (with  a  tn iciness  of  20-10  mm)  causes  the 
self-disconnecting  of  engine,  'ine  list  ur  fca  nc  e/ hr  eak  down  of  ergir- 
power  rating  is  accompanied  ny  outlet ing,  knocks  and  appearance  of 
clouds/clubs/puffs  of  unite  smotce  on  exhaust. 
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Above  has  already  ctuii  notes  that  large  danger  for  some  typ- 
engines  represents  the  icxnj  xn  tne  form  of  the  crystals  of  ice. 
engine,  given  in  Fig.  3. 02,  ims  amost  rectilinear  air  intak: 
channel,  also,  in  contrast  to  tne  engine,  depicted  on  Fig.  3.6s, 
much  smaller  degree  it  ui.aergoes  tne  negative  effect  of  ice  cryst 
In  latter/lasr  airflow  pattern  cnanges  direction  of  its  motion  or 
160°  near  combustion  ch  dinners.  inis  in  flight  in  ice  clouds  can  1 
to  the  accumulation  of  rce  cry^tuio  in  the  tent  section  ot  air 
intake. 
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Fiq.  3.61.  Damaqe  by  ice  oi  tile  uiades  of  the  inlet  ccpr:-- 

of  pnainr. 

Pa-je  17  3. 

If  bv  that  savir.j  on  a  it  ii*taii«  a  xdyer  of  ice  is  urok- n  n 
ir.tc  compressor,  th^n  caa  oiop,  that  also  occur:  “  I  c 

aircraft  "Britain"  whose  "  iroteus"  they  ha  1  diasrar 

indicated.  For  <=  1  i  mi  ra  t  in  j  uua  oucrtcojinq  or,  engine  "Fret 
was  made  the  series/row  u  mou^iicotions  ana,  in  particular 
combustion  chambers  wer«  satauxioutd/irsta  lied  incandescent 
from  platinum  alloy  for  yuaxuartemy  instantaneous  repeated 
engine  in  the  case  of  t  iawout  xn  combustion  chambers.  Vru-r 
modifications  wr  re  car  ii€u  out  alter  extensive  studies  md 
carried  out  or.  stand,  ana  axso  unucr  conditions  cf  crystal 
tropical  areas. 


/ 


DOC  =  79116204 


P  A  u  t 


37/ 


It  is  characteristic  teat  to  this  case  of  engine  testing  u 
conditions  the  "drop"  ioiitj  snowed  the  completely  sufficient 
effectiveness  of  de-icn. g  system. 

For  the  protection  or  eiijiuea  in  the  majority  of  t  he  cases 
applied  continuous  de-icin^  systems  (system  antiicir.g)  .  However 
some  aircraft,  for  example  "Viscount"  are  est  a  b  lished/inst  al  1  <-  u 
thermoelectric  cyclic  ds-icinj  s/stems  fer  the  air  intakes  of 
engines.  The  cycle  of  tut  operation  of  such  systems  is  select 
such  a  way  as  not  to  allow  dangerous  ones  according  to  its 
si zes/d imo nsions  of  ice  accumulations  cn  the  shielded  surfaces, 
use/a  ppl  icat  ion  of  cyclic  systems  on  engine  is  possiil 

when  will  he  experimentally  r:oveu  the  safety  cf  small  ice 
accumulations  on  the  shielded  suiiuces  of  air  intakes.  A  uuanti 
heat  required  for  protection  item  the  icing  cf  engine  can  be 
determined  according  tc  tac  equation  of  the  heat  balance  (see  ... 
121).  As  show  the  calculation^  (and  as  this  confirms  practice)/ 
required  temperature  ircys  m  s /stem  for  power  plant  must  be  so 
higher  than  in  system  fci  an  aircraft. 


one  =  74  1  162  04  F  Aui.  377 


Fig.  3.62.  Turbojet  engine  with  tue  straight/direct  entry  of 
flow. 

Fig.  3.63.  Turboprop  er.  .jiuv  mil  rotation  of  airflow  cn  1dJ° 

Page  174. 

It.  should  be  noted  tnat  iu  operation  the-  de-icing  syste 
engines  arc  utilized  consiuocau it  more  frequently  than  iv:-tr 
wing  and  a  tail  assembly,  n  tut  uura*ion  of  the  operation  o 
de-icing  system  of  j 1 l d t r/air r r a oc  comprises  for  a  contompor 
aircraft  with  gas  turbine  eagiaaa  j-fao/o  c  t  flight  tine-  >,  t 
power  plards  this  numeral  udinto  lb-2()o/o  and  a>or>. 

FOOTNOTE  1 .  Data  are  acquired  t  cl  commercial  air  pi  ires  ot  m 
air  lines.  ENDEOOTMjTE. 

This  is  explained  by  the  tact  tnat  for  many  aircraft  types  t 
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instruction  requires  the  start  or  the  de-icing  system  of  engines 
prior  to  the  entry  intc  the  cloudiness  or  any  other  zone,  in  which  is 
possible  the  icing,  beginning  wita  the  temperature  of  surrounding  air 
of  +5°C  even  below,  while  the  de-icing  system,  for  example,  cf  wing 
is  included  usually  after  operation  signal  indicator. 

Typical  air-heat  continuous  system  for  power  plant  is  the 
de-icing  system  of  the  aircrart  or  Tu-104,  in  which  for  protection 
from  the  icing  of  engines  fiD-JM  ana  air  intake  channels  is  utilized 
the  air,  selected/take c  rrom  tue  eighth  compressor  stage.  By  this  air 
are  warmed  the  nose/leading  edge  of  air  intake,  the  applied  spoxes  of 
front/leading  compressor  casing,  the  fairing  about  the  turbine 
starter,  the  exhaust  duct  or  turome  starter  and  air- fracrionat ing 
partition/baf f le . 

For  the  heating  of  tne  olaues  input  guide  ring  hot  air  it  is 
selected/taken  separately  troui  fifth  compressor  stage. 

The  schematic  of  tne  de-icing  system  of  engines  HD-3 M  is  given 
in  Fig.  3.64. 

Hot  air  for  the  heating  of  six  applied  spokes  is  supplied  from 
fundamental  conduit/mamrolu  1  through  the  tee  to  the  collar, 
installed  on  upper  left  spoxe.  Air  is  supplied  to  the  channel  between 
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two  walls  of  spoke,  welded  with  spot  welding.  From  upper  left  spoke 
hot  air  enters  the  neck,  froa  whicn  it  is  supplied  to  remaining  five 
spokes  and  fairings  abcut  tne  turbine  starter.  Exhaust  air  is 
rejected  into  the  air  circuit  or  the  engine  through 
openings/apertures  in  tne  lower  oase  of  five  applied  spokes.  The 
fairing  about  the  turbine  starter  consists  of  two  halves  with  the 
double  walls,  between  which  ircm  uase/root  to  nose/leading  edge  is 
passed  hot  air.  Air  outret  is  accomplished/realized  through  the 
opening/aperture  in  the  nose/leaurng  edge  of  fairing. 

Air  to  the  heating  of  the  exhaust  duct  of  turbine  starter  (crcs 
section  A-A)  is  supplied  on  condu.it/tnanifold  3  diameters  of  25  mm 
into  the  cavity,  formed  by  rarrrug  5  and  wall  of  6  elbow-shaped  tub; 
of  turbine  starter. 

Air  the  heating  of  tne  noses/leading  edges  of  air-fractionatir.  g 
partition/baffle  and  air  intake  enters  on  conduit/manifold  2  by 
diameter  of  70  mm.  The  ncse/leading  edge  of  air-fractionating 
partition/baffle  (cross  section  a-b)  consists  of  outer  covering  by  1 
by  internal  8,  carried  cut  in  tue  form  of  corrugation,  and  shield  4. 
Nose/leading  edge  shares  by  wall  10  into  two  chambers/cameras  -  A  an 
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The  hot  air,  applied  into  rorechamber  A,  is  passed  between  the 
shield  and  the  corrugation  and  through  the  slct  in  corrugation  along 
its  channels  it  falls  into  the  rear  chaaber/camera  B,  from  which 
through  the  branch  connection  it  *s  abstracted/removed  into  the 
nose/leading  edge  of  air  intaxe  and  is  rejected  in  the  atmosphere. 

Into  the  nose/leading  edge  of  air  intake  hot  air  comes  from 
fundamental  conduit/mamfoia  to  2  through  the  annular  recess  A  (unit 
I) .  Purther  air  is  passed  along  tne  channels  cf  corrugation  into 
cavity  B,  warming  in  this  case  t.ie  nose/leading  edge  of  air  intake, 
and  it  is  abstracted/removea  in  the  atmosphere  through  the  special 
branch  connection,  arranged/ located  in  the  lower  part  of  the  air- 
intake. 

Air  for  the  heating  or  tue  oiades  the  input  guide  ring  (Fie. 
3.66),  prepared  from  aluminum  alloy,  is  selected/taken  from  fitth 
step/stage  and  through  epeuings/apert ures  1  enters  the  internal 
cavity  of  compressor.  Fuitner  tne  air  through  epenings/apert ures  in 
the  diaphragms  of  disks  is  supplied  to  the  f rent/lead ing  cavity  A. 
from  which  it  enters  the  heating  oi  the  tlades  through  the 
openings/apertures,  situated  in  the  lower  pi  ns/ journals  of  blad-s. 


■» 
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Hot  air  is  passed  further  along  internal  duct  to  the  body  of 
blade  in  leading  edge  ana  tnrough  the  opening/apert ure  in  its  upper 
part  it  is  derived/concluded  into  the  air  circuit  of  engine. 

Control  of  de-icing  system  -  pneumatic.  Air  from  pneumatic 
system  proceeds  to  valve  of  control  of  system,  established/installed 
on  panel  in  the  co-pilct.  from  tne  tap/crane  of  control  the  air  is 
fed/conducted  to  the  taps/cranes  or  air  bleed  from  left  and 
right-side  engine. 
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Pig.  3.64.  Schematic  of  the  de-icing  system  of  engine  RD-3M.  1  - 
conduit/manif old  of  the  air  outlet  from  engine,  2  -  fundamental 
conduit/manifold,  3  -  ccnduit/manifold  of  air  supply  to  the  exhaust 
duct  of  turbine  starter,  4  -  coaduit/manif old  of  air  supply  tc 
applied  spokes  and  fairing  anout  zae  turbine  starter,  5  -  fairing 
about  the  exhaust  duct  of  turbine  starter,  6  -  wall,  7,  8  -  externa 
and  lower  covering,  9  -  saield,  1u  -  wall. 

Key:  (1).  Diagram  of  the  heating  ot  the  nose/leading  edge  of  the 
forward  air  fractionator.  (2).  Schematic  of  heating  of  nose/leading 
edge  of  exhaust  duct.  (3).  Branch  connection  cf  air  outlet  in  the 
atmosphere.  (4) .  Diagram  of  naating  of  nose/leading  edge  of  air 


intake 
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The  de-icing  systea  or  engine  and  engine  nacelle  they  are 
autonomous  for  each  engine. 

The  expenditure  of  an  ror  tot  heating  of  the  air  intake  of 
engine  at  the  height/altitude  of  1000  m  and  indicated  airspeeds  400 
ka/h  is  1250  kg/h,  to  the  heating  of  air-fractionating 
partition/baffle  -  apprcximateiy/exemplarily  350  kg/h.  With  an 
increase  in  altitude  of  tlignt  to  a000  m  the 

expenditures/consumptions  fall  respectively  tc  950  and  260  kg/h. 

De-icing  systea  of  saca  type  (it  is  analogous  with  system  for 
the  wing  of  the  aircraft  of  Tu-104)  makes  it  possible  to  increase  +hc- 
air  flow  rate  and,  consegueutiy ,  also  to  raise  the  effectiveness  of 
its  action  with  an  increase  in  engine  power  rating.  So,  the  increase 
in  the  engine  revolutions,  which  corresponds  to  an  increase  in  th^ 
flight  speed  from  400  to  600  xis/h  according  tc  instrument,  leads  to 
the  increase  of  the  expenditure  of  air  for  the  nose/leading  edge  of 
air  intake  on  100  kg/h  and  to  an  increase  in  the  temperature  drops  on 
nose/leading  edge  on  the  average  on  12°C. 
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The  dependence  of  the  expenditure  of  air  for  the  heating  of  the 
nose/leading  edge  of  air  intake  on  engine  power  rating  is  given  in 
Fig.  3.66. 

The  de-icing  systea  or  engines  D-20P  and  air  intakes  on  the 
aircraft  of  Tu-124  also  is  air-neat  with  the  use  of  hot  air, 
selected/taken  from  the  compressors  of  engines. 

For  the  heating  of  tne  nose/ieading  edge  of  air  intake  the  air 
is  selected/taken  through  tne  check  valve  frca  the  fourth  or  eighth 
compressor  stages  of  engine.  «iitn  the  revolutions  of  the  rotor  of  the 
second  cascade/stage  of  compressor  of  above  9200  r/min  the  air  is 
selected/taken  through  ccnduit/manif old  1  (Fig.  3.67)  from  the  cavity 
of  housing  after  the  fourth  step/stage  of  the  second  cascade/sta g ^ , 
while  with  revolutions  it  is  uelcw  9200  r/nin  -  through 
conduit/manifold  2  of  tne  coliector/r eceptacle,  located  in  the  r-ar 
end  of  the  external  cavity  or  coanustion  chanter,  i.e.,  after  tho 
eighth  step/stage  of  the  secoud  cascade/stage  cf  compressor. 
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Pig.  3.65.  Schematic  of  the  heating  of  the  blades  the  input  guide 
ring  of  engine  RD-  3ti  • 

Page  177. 

Switching  air  bleed  from  tne  fourtn  or  eighth  compressor  stage  is 
accoia  plished/realized  fcy  automatically  throttle  plate  3. 

The  flow  chart  of  air  in  tne  nose/leading  edge  of  air  intake  is 
analogous  to  the  aircraft  of  Tu-ldw. 

The  engine  cowling,  strut  or  intake  housing  and  the  steel  blades 
the  input  guide  ring  (VNAj  of  tne  rirst  cascade/stage  of  compressor 
are  warmed  by  the  hot  air,  seiectau/taken  from  interlabyrinth  cavity 
A  of  the  eighth  step/stage  of  tne  second  cascade/stage  of  compressor 
and  ejected  in  ejector  4.  in  ejector  is  supplied  the  air. 
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selected/taken  directly  alter  tne  eighth  step/stage.  Further  air  or. 
two  heat-insulated  conduits/aamtoids  5  through  the 

openings/apertures  of  four  collars  of  intake  housing  is  fed/conduct-d 
into  annular  recess  B,  termed  oy  tne  rim  of  intake  housing  and  by 
outer  ring  of  VNA.  From  annular  recess  B  the  part  of  the  air  cn 
openings/apertures  in  the  rim  or  intake  housing  enters  longitudinal 
cavities  6  of  its  struts.  In  passing  by  cavity  in  struts  and  warming 
their  leading  edges,  air  enters  tne  heating  of  the  fairing,  which  has 
double  walls,  after  which  througn  openings/apertures  it  emerges  into 
the  air  circuit  cf  compressor. 

Another  part  of  the  air  from  annular  recess  B  through 
openings/apertures  in  the  pms/ journals  of  external  blade  tips  enters 
longitudinal  channels  7,  warming  leading  edges,  and  through  slots  in. 
the  root  cross  section  ct  nlaues  it  emerges  into  the  air  circuit  cf 
compressor.  Four  cheeks  of  intaxe  housing  are  additionally  warmed  by 
oil,  apolied  from  centrifugal  air  separator. 

The  start  of  system  is  produced  by  the  discovery/opening  the 
check  valves,  arranged/lccatea  in  engine  nacelle.  Valve  control  - 
electrical,  toggle  switch  of  control  it  is  established/installed  on 
the  instrument  panel  of  tne  co-puct. 


For  the  protection  of  engine  Al-20  and  air  intakes  of  the 
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aircraft  of  An-10  is  utilized  hot  air,  selected/taken  from 
compressors.  The  schematic  diagram  of  de-icing  system  is  given  in 
Fig.  3.68. 

The  air,  se lected/taxcu  iroa  two  collars  of  the  tenth  compressor 
stage,  is  forwarded  thrcugn  taps/cianes  3,  controlled  by  electrical 
mechanisms  2,  into  two  conduits/aaaif olds  6  and  8,  on  which  further 
it  is  fed/conducted  to  tna  nose/itading  edge  cf  the  air  intake  of 
engine  and  oil  cooler,  and  also  to  the  blades  of  input  guide  ring. 


r 
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Fig.  1.66.  Dependence  of  the  expenditure  of  air  for  the  heating  of 
the  nose/leading  edge  or  tne  air  intake  on  engine  speed  ft  D-  3  M . 


Key:  (1).  kg/h.  (2).  r/itin. 
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Fig.  3.67.  Schematic  of  u«-iCxug  system  of  engine  D-20P.  1  -  air 
extraction  manifold  from  .ae  rourtu  step/stage  of  the  second 
cascade/stage  of  compressor,  x  -  air  extraction  manifold  trot  t 
eighth  step/stage  of  th«  second  cascade/stage  of  compressor,  i  - 
throttle  shutter/valve,  4  -  ejectors,  5  -  ccnd uits/ma ni folds  cf 
supply  to  the  heating  or  olaues  or  VNA,  struts  of  ir.taxe  housir.  j 
cook  of  engine,  6  -  cavity  in  tne  strut  cf  intake  housing,  7  - 
longitudinal  channel  in  fclauc  or  VNA. 


/  /)  Cxena  odoiptta 
'  mntnoH  5M 


Fig.  3.68.  Schematic  diagram  oi  tae  de-icing  system  of  angins  an  1  2 
intakes  of  engine  AI-20.  1  -  air  uieed  from  the  compressor  of  eng:.:: 
2  -  electrical  mechanisms  of  tae  drive  of  taps/cranes,  3  - 
taps/cranes,  4  -  condu  it/uianir  old  of  fundamental  air  supply  into 
nose/leading  edge  of  the  air  mtare  of  engine,  5  -  ejector,  6  - 
conduit/manifold  of  air  supply  to  the  heating  of  blades  of  vna,  of 
air  intake  of  engine  and  generator,  7  -  conduit/manifold  of  air 
supply  to  the  heating  of  the  air  intake  of  generator  ventilation,  3 
conduit/manifold  of  supplementary  air  supply  into  the  nose/leading 
edge  of  the  air  intake  of  engine,  y  -  conduit/manifold  of  air  suppi 
for  the  blowout  of  oil  ccoier,  10  -  conduit/manifold  of  air  supply 
info  the  system  of  conditioning,  11  -  nozzle  us  is)  ,  12  - 
conduit/manifold  of  air  supply  to  the  heating  of  blades  of  VNA,  13 
internal  cavity  of  blade,  14  -  opening/aperture  in  pin/journal  for 
he  supply  of  hot  air. 


Key:  (1).  Schematic  of  the  neatiug  of  blades  of  VNA 
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Air  supply  from  funuauientax  conduit/manifcld  is  produced  throng 
openings  in  the  diaphragm  of  tne  nose/leading  edge  of  air  intake,  an 
supplementary  conduit/maniioiu  -  tnrough  three  nozzles  with  a 
diameter  of  8  mm,  ar ran ged/iocateu  evenly  in  circumference,  hot  air 
is  passed  on  the  annular  chamoer,  rormed  by  skin/sheathing  of 
nose/leading  edge  and  by  aiaparagm,  obtains  the  supplementary 
portions  of  the  hot  air  tnrougn  nozzles  it  emerges  into  the  space 
under  the  cowl  through  the  openang/apert ure  in  diaphragm. 

To  the  heating  of  the  olaues  of  input  guide  ring,  prepared  from 
steel,  the  air  enters  cn  conduit/manifold  12  and  further  through  two 
diametrically  opposite  cpenings/apertures  in  frontal  crankcase.  Th-n 
on  special  openings/apertures  In  in  head  pivots  of  blades  of  VNA  air 
passes  into  internal  cavity  U,  warming  the  leading  edges  of  blades. 
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after  which  it  emerges  ante  tue  die  circuit  of  engine. 

The  de-icing  system  of  engine  encompasses  also  permanent  heating 
by  oil  of  the  edges/fins  of  frontal  crankcase,  and  also  hot-air 
heating  of  the  air  intake  of  generator  ventilation  7. 

10.  Protection  from  the  icing  or  tne  cockpit  windows  of  crew. 

The  important  value  ror  guaranteeing  the  normal  IFR  flight,  and 
especially  during  landing,  nas  reliable  and  highly  efficient 
protection  from  the  icing  or  tue  cockpit  windows  of  the  pilots. 

On  contemporary  aircrart  toe  ue-icing  system  of  glasses,  as  a 
rule,  continuous  thermoelectric,  dowever,  the  setting  up  of  the 
electrically  heated  glasses  does  not  eliminate  the  supplementary 
use/application  and  other  meaus:  tne  system  of  the  heating  of  glasses 
by  hot  air,  feed  systea  to  anti-icing  liquid. 

Calorific  requirement  rot  protection  from  the  icing  of  glasses 
of  cockpit  comprises  less  man  lo/o  of  the  total  quantity  of  heat, 
consumed  by  entire  de-icing  system  of  aircraft. 

The  electrically  heated  grasses  consist  usually  of  two 


(sometimes  -  three)  ha r denea/tempered  silica  glass  -  external  (cover) 
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and  internal,  glued/cementcd  netween  themselves.  Between  glasses  ar 
placed  electrical  heating  element/cell  and  twc  special 
temperature-sensing  devices  (tnermistors) .  Heating  element  has  two 
conclusions,  which  are  connected  to  the  electric  power  supply 
sources.  The  thermistors  one  of  which  working,  and  the  other  -  spar 
are  intended  for  automatic  control  the  temperatures  of  heating  glas 
within  the  prescribed/assigned  limits. 

Page  180. 

As  electrical  heating  elcinent/cell  is  utilized  the  transparent 
current-conducting  layer  (grasses  with  wire  electrical  heating 
element/cell  did  not  fina  propagation  because  of  the  diffraction 
effect,  which  impeded  survey/coverage  during  landing  under  nighttim 
conditions  with  the  use  cr  grouna-based  lighting  sources)  . 

As  a  rule,  internal  glasses  or  aircraft  from  pressurized  caoin 
obtain  satisfaction  thicker  tuan  cover  glass.  Sc,  on  the  aircraft,  o 
Tu  - 104  internal  glass  in  coompit  aas  a  thickness  of  15  mm,  and 
external  -  4  mm. 

Before  cementing  both  glasses  (external  and  is  internal)  pass 


mechanical  and  heat  treatment 
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The  current-conducting  flam  will  be  deposited  from  inside  of 
cover  glass  by  aerosol  method. 

The  resistance  of  tne  current-conducting  layer  and, 
consequently,  also  the  power,  consumed  by  electrical  heating 
element/cell,  are  determined  ny  tne  sizes/dimensions  of  the  area  c:  a 
layer  and  by  its  thickness. 

To  two  opposite  siaes  or  the  current-conducting  layer  by  bjHH:i,i] 
method  are  stuck  metallic  power  ouses.  The  uniformity  of  heating  is 
provided  by  the  appropriate  location  of  current-tap  busbars/tir ';s  a;:: 
by  change  in  the  specific  resistance  of  film. 

For  feed/supply  of  tne  eiacttically  heated  glasses  is  appli-i 
alternating  current  by  vcitage  190-250  V  with  frequency  of  400  Hz. 

Fig.  3.69  gives  the  electrical  circuit  of  the  heating  of  glasc 
vith  feed/supply  from  tne  aircrart  electrical  wiring  system  of 
alternating  current  [5], 

The  start  of  the  heating  or  glass  is  acccmplished/realized  by 
switch  3,  which  supplies  read/supply  from  the  busbar/tire  of  direct 
current  to  the  automatic  machine  of  heating  4. 


JL 


The  automatic  machine  at  heating  controls/guides  contactor  2, 
including  or  including  with  its  aiu  the  electric  power  supply  of 
heating  element  upon  reaching  or  tne  specific  temperature  of  glass 
(usually  30-40°C).  The  ccutroi  winaing  of  contactor  is  connected  wit 
contact  D  of  automatic  machine,  a  ad  thermistor  5,  that  uses  by 
temperature-sensing  device,  witu  contacts  BK  of  the  automatic  machir. 
of  heating. 


Feed/supply  of  glass  is  accomplished/realized  from  the 
busbar/tire  of  alternating  singie-phase  current  with  voltage  115  V 
with  frequency  of  400  Hz  through  the  raisiny  autotr ansf ormer. 


During  the  operation  of  tne  electrically  heated  glasses  with 
high  specific  powers  of  heating  (on  the  order  of  0. 5-0. 8  w/cm2)  at 
low  temperatures  of  surrcuaaing  an  as  a  result  of  the  high  rate  of 
heating  appear  large  thermal  stresses. 
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Fig.  3.69.  Diagra*  of  the  electrical  heating  of  glass.  1  -  heatinj 
element,  2  -  contactor,  3  -  switcn,  4  -  automatic  machine  of  heating, 
5  -  thermistor,  6  -  aut ctransr oriier ,  7  -  power  fcus  of  direct  current, 
8  -  power  bus  of  alternate*  current. 

Page  181. 

This  leads  to  the  failure  uL  glasses  and,  therefore,  to  a 
redact ion/descent  in  their  tescurce/lif etime. 

For  a  decrease  in  the  Velocity  of  heating  is  applied  stepped 
feed/supply  of  glasses  cn  voxtage  or  according  to  the  heating 
temperature. 


With  the  two-stage  voltage  or  supply  of  glasses  the  start  of 
first  stage  (with  low  voltage;  provides  the  specific  power  of  heating 
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to  30-40o/o  smaller  in  coapaasou  with  the  second  step/stage.  The 
rate  of  heating  in  this  case  is  decreased  1.5-2  times. 

Another  method  of  stepped  teea/supply  of  the  electrically  heated 
glasses  during  their  operation  on  the  earth/ground  under  winter 
conditions  is  the  limitation  of  operating  temperature  of  heating  in 
comparison  with  the  temperature  or  the  external  surface  of  glass  with 
the  normal  operation  of  tne  automatic  machine  of  heating.  For  this  in 
parallel  to  the  thermistor  of  glass  is  established/installed  the 
controlling  resistance,  wnicn  accomplishes/realizes  the  step 
connection  of  heating  which  decreases  operating  temperature  of 
heating  glass  by  the  eatth/ground. 

In  flight  through  the  limit  switch  of  squeezed  landing-gear 
position  (as  this  carried  out  on  tae  aircraft  of  Tu-124)  occurs  th- 
automatic  changeover  tc  tne  initial  temperature  of  the  adjustment  of 
glass  (i.e.,  is  disconnected  tne  controlling  resistance). 

On  foreign  aircraft  at  present  are  applied  the  glasses  cf  foui 
types:  neza,  electrapane,  triplex  (with  gold  film)  and  serracoat 
[62]. 

In  glasses  neza  and  electrapane  as  the  current-conducting  layer 
is  utilized  the  thin  oxide  mm,  applied  to  glass  at  high 
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temperature.  Both  coatings  are  aiaost  achromatic,  although  they 
soaetrhat  decrease  the  quantity  cr  right  let  pass  by  them. 

Film  triplex,  in  contrast  to  the  first  two  coatings,  is  the 
combination  of  gold  film  witn  tne  rila  of  bismuth,  plotted/a pplie  I  to 
glass  by  pulver izaticn/atcmization  in  vacuum. 

Serracoat  is  also  the  metallic  coating,  applied  by  its 
evaporation  in  vacuum,  inis  coating  is  applicable  both  for  silica 
glass  and  for  organic,  in  contrast  to  the  first  three  types  of 
coatings.  In  coating  of  serracoat  are  excluded  the  places,  whicn  cull 
hot  spots  or  destruction  or  glass.  Serracoat  and  gold  film  triplex 
are  characterized  by  Larger  electrical  conductivity  than  neza  and 
electrapane,  and  therefore  can  won  with  lower  vcltage  feed/suppli^s. 
Both  coatings  have  insignificant  coloration. 
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Fig.  3.70.  Cross  section  of  glass  of  the  cockpit  canopy  with  coatiri  j 
of  serracoat.  1  -  skin  from  seminatdened  glass  with  a  thickness  of 
4.83  on,  2  -  coating  seiracoat,  j  -  interior  layer  from  the  annealed 
glass  with  a  thickness  of  9. bo  mm,  4  -  interlayer  polyvinyl  -  butyra 
with  a  thickness  of  6.35  mm. 

Page  182. 

All  four  coatings  are  sensitive  to  mechanical  effects;  therefcr 
is  applied  sandwich  construction  with  purpose  of  protection  from 
daaages.  This  provides  also  t tie  electro- insulation  of  coating. 

Are  given  below  calculation  data,  borrowed  from  work  [62]  about, 
a  quantity  of  heat,  required  for  warning  of  icing  and  misting  of 
glasses  (Fig.  3.70)  of  the  lamp/cauopy  of  the  flight  deck  of 
turboprop  aircraft  at  cruising  speed  555  km/h. 


A 


Initial  data 
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Temperature  of  the  external  surrace  (minimum)  ...  1.7°c. 

Temperature  of  air  in  the  ilijat  deck  (minimum)  ...  1d.3°C. 

The  dew  point  in  the  fliynt  decx  (maximum)  ...  29.5°C. 

Results  of  calculation. 

Quantity  of  heat,  appl  iea  to  cue  external  surface  of  glass  ...  5b90 
kcal/h»m2. 

Coating  temperature  ...  J4.b°C. 

Temperature  of  the  internal  surrace  of  glass  ...  29. 5°C. 

Quantity  of  heat,  applied  to  tne  internal  surface  of  glass  ...  110 
kcal/h*m2. 

Total  quantity  of  heat,  applied  to  glass  ...  5800  kcal/h»o2. 

Required  specific  expenditure/coasumption  of  electric  power  ... 

0.66  W/cm2. 
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It  should  be  noted  that  tne  neat  consumption  for  warning  the 
icing  of  glasses  is  considerably  more  than  for  warning  their  misting. 
Glass  consists  of  three  layers:  internal,  external  and  intermediate. 

The  tests,  carried  out  oy  tne  administration  of  civil  aviation 
in  the  USA  showed  that  rcr  glass  ror  protection  from  destruction  with 
the  cases  possible  in  operation  or  the  incidence/impingement  in  i  *•  of 
birds  the  temperature  c  aa  layer  intermediate  in  it  must  be 
32.  3-45°C .  This  temperature  uue  to  elastic  state  provides  the  maximum, 
energy  absorption  of  impact/snoc*.  Is  reached  it  at  coating 
temperature  by  34.5°C.  It  is  expedient  coating  temperature  tc 
establish  by  several  degrees  tuan  higher  indicated,  which  gives  more 
than  guarantees  for  the  protection  of  glass  of  the  cockpit  canopy. 

11.  Ice-indicating  equipment. 

As  already  raentioneu  by  tne  necessary  condition  for  the 
effective  operation  of  tne  ae-icing  systems  of  engines,  and  also  ti.s 
thermoelectric  de-icinq  systems  or  cyclic  action  is  their  timely 
start.  This  requirement  can  ue  satisfied  by  setting  up  on  the 
aircraft  of  the  highly  sensitive  signal  indicators,  reliable  in 
action,  which  inform  pilct  aoout  tne  beginning  of  icing.  Such  signal 
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indicators  are  necessary  also  lot  correct  and  rapid  evaluation  by  *  i 
pilot  of  flight  conditions,  union  nas  less  important  value,  than  t  h  ■ 
timely  start  of  de-icing  system. 

Page  183. 

To  ice-indicating  equipment  is  presented  the  series/row  cf  th  - 
requirements,  basic  from  union  ate  the  following: 

1.  Reliability  of  operation,  i.e.,  the  transmission/deliv-r y  oi: 
signal  under  any  conditions  of  tne  icing  both  drop  and  crystal,  in 
all  flight  conditions  aau  tne  impossibility  of  transmitting  the 
spurious  signal. 

2.  Minimum  triggering  time,  vnich  characterizes  instrument 
sensitivity  up  to  initial  moment  of  icing. 

It  is  desirable  so  tuat  tne  instrument  wculd  put  out  signal 
somewhat,  earlier  than  tnat  moment/torque  when  ice  accumulation  on  ti; 
shielded  parts  can  be  discovered  already  visually. 

3.  Possibility  to  note  witn  signals  it  began,  end/laad  and  in:, 
intensity,  and  it  is  also  aesiraoie  so  that  signal  indicator  woul] 
automatically  control/guide  operation  of  de-icing  system  from  such 
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parameters  as  temperature  01  juiroacJin']  air  and  rate  of  for  mat.  io 
ice. 


4.  Small  overall  dimensions  and  weight. 

5.  Warnin  g  sensor  must  not  suustant  ia  1 1  y  affect  aerodynamic: 
aircraft  quality/fineness  ratios. 

Ice-indicating  equxpment  can  work  on  one  of  the  following 
principles. 

aj  determination  in  the  atmosphere  of  the  supercooled  drops 
water  (or  the  crystals  ci  ice;  at  temperatures  lower  than  0°C; 

b)  the  direct  recording  or  tue  f ormaticn/education  of  a  lay? 
ice  at  sensor. 

First  type  signal  indicators  are  based  on  the  measurement  of 
indirect  values,  for  exam*- is,  or  electrical  resistance  or 
conductivity,  heat  emission,  etc.  and  for  them  compulsorily  ir- 
required  the  measurement  or  tue  temperature  of  surrounding  air,  i 
order  to  exclude  false  readings  at  positive  temperatures  of 
surroundinq  air.  Some  signal  indicators  of  this  type  accordino  to 
their  operating  principle  do  not  distinguish  the  supercooled  drop 
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water  from  the  crystals  cr  ice  cr  snow.  Advantage  of  such  type  cl 
signal  indicators  is  theic  rapid  reaction  at  the  initial  moment  of 
icing. 


Second  type  signal  indicators  are  based  cn  the  direct  effect 
a  layer  of  ice  to  sensei.  Tins  possibility  is  their  advantage,  sin 
signals  are  put  out  only  it  actualiy/rea  11 y  begins  icing.  A 
shortcoming  in  the  signal  indicators  of  this  type  -  inertness  iarg 
in  comparison  with  the  tirst  typ=,  in  connection  with  the  fact  tha 
for  ice  formation  is  reguired  the  specific  tine. 

Second  type  simplest  in  coustxuction/design  signal  indicator 
standard  sight  indicator  or  tne  icing  (see  Fig.  2.6). 

Page  18U. 

The  second  type  includes  also  the  signal  indicators  of  the 
pneumatic  and  mechanical  actiou,  wnich  obtained  at  present 
considerable  propagation,  in  spite  of  the  number  of  the  short.comin 
which  are  inherent  in  them,  noa  wnich  most  essential  is  the  delay 
the  transmission/delivery  ot  tne  signal  cf  icing. 


The  existing  series  signal  indicators  do  not  satisfy  the 
completely  given  requirements,  in  the  majority  of  the  cases  they 
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automatic,  do  not  measure  tne  rate  of  the  increase  of  ice  and  do  not 
record  form  icing. 


Ir.  recent  years  were  only  developed  the  sufficiently  reliabl:- 
signal  indicators,  which  made  it  possible  carry  out  on  some  aircraft 
automatic  breaking  of  de-icing  system. 

Let  us  examine  the  ae vice/equipment  of  several  types  of  the 
ice-indicating  equipment,  wnicn  are  applied  cn  contemporary  aircraft 
and  helicopters. 


Series  Soviet  signal  indicator  SO-4A  puts  out.  signals  about 
beginning  and  end/lead  cr  tne  icing  of  the  elements  of  the 
construction/design  of  engine.  I ne  pneumatic  operating  principle  of 
instrument  is  based  on  the  use  or  elastic  properties  of  sensing 
element  -  the  metallic  corrugated  diaphragm,  that  clcses  electrical 
contacts  with  the  decrease  of  aerodynamic  pressure,  caused  by  clos: 
with  the  icing  of  openings/apertures  in  the  air  intake  or  signal 
indicator. 


n  j 


The  schematic  pneumc-eiectncal  diagram  of  signal  indicator  is 
represented  in  Fig.  3.71. 


Signal  indicator  is  anrereutial  manometer  with  two  hermetically 
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Chamber /camera  1  recjivea  the  dynamic  pressure  of  the  incide 
airflow  through  openings/apertures  4  in  the  air  intake  of  instrurn 
chaiber/canerd  2  -  static  pressure.  During  the  operation  of  engin 
(in  the  presence  of  velocity  naan)  in  the  chambers/camera s  of 
differential  manometer  is  establisned/installed  pressure  differen 
which  deflects  the  memtLane/aiapnragm  and  which  breaks  contact. 
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Fig.  3.71.  Pneumo-electrical  diagram  of  ice-indicating  equipment 
SO-4A  for  an  engine.  1  -  cnamuei/camera  of  dynamic  pressure,  2  - 
chamber/camera  of  static  pressure,  3  -  discharging  jet,  4  - 
opening/aperture  of  the  dynamic  nead,  5  -  relay,  6  -  indicator  lam; 
7  -  heater  of  the  nose/leaaing  ed*e  of  senscr,  8  -  heater  of  the 
elbow  of  sensor,  9  -  relay. 


Key:  (1).  From  direct-current  generator. 
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Under  conditions  tne  rcrug  ol  opening/aperture  4  seal  themselv 
by  the  film  of  ice,  pressure  in  cnambers/cameras  1  and  2  through 
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discharging  jet  3  is  equalized,  auu  the  memfcrane/diaphrag m,  returnin 
to  initial  position,  cic&as  contacts.  In  this  case  operates/wears 
electromagnetic  relay  5,  vaicu  feeds  indicator  lamp  6  and  heater  of 
sensor  7. 

As  a  result  of  heating  sensor  ice  melts,  is  reduced  drop/jump 
pressure  in  chambers/caaeras ,  the  contacts  of  manometer  are  broken, 
turning  off/disconnecting  tnrougn  the  electromagnetic  relay  indicate 
lamp  and  heater  of  the  sensor  oi  signal  indicator. 

Upon  the  appearance  of  tne  nrst  signal  cf  icing  the  pilct  must 
by  hand  include/connect  de-icing  system  and  disconnect  it  after  the 
cessation  of  the  supply  ci  signal. 

The  elbow  of  signal  luaicatoi:  for  a  preservation  from  ice 
formation  is  warmed.  The  floating  element  of  8  elbows  of  signal 
indicator  obtains  the  feed/supply  through  relay  9,  which 
operates/wears  upon  reaching  oy  tae  engine  cf  the  specific  number  cf 
revolutions  and  in  the  presence  or  signal  about  icing. 

As  an  example  of  mechanical  signal  indicator  serves  signal 

t 

indicator  with  the  rotating  cylinder  of  the  firm  of  Nepir  [37],  [42] 
established/installed  cu  some  new  bnglish  aircraft,  in  particular,  o 
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Signal  indicator  consists  01  unheated  cylinder  and  blade-like 
scraper  (Fig.  3.72).  Cylinder  nas  cuts  and  it  slowly  rotates  by  th 
electric  motor,  spring-mcunteuta  so  that  it  can  be  turned  to  small 
angle . 


The  clearance  between  the  scraper  and  ths  cylinder  comprises  the 
approximately/exemplar i ly  tenth  or  millimeter. 

With  the  icing  between  the  scraper  and  the  rotating  cylinder  is 
created  the  friction,  mcment/torgue  from  which  is  transmitted  to  the 
housing  of  electric  motcr,  tue  latter  is  pulled  around  axis/axle  and 
closes  the  contact,  which  includes  the  signaling  system. 
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Fig.  I.W.  Signal  indicator  nuu  t.ne  rotating  cylinder. 

3  73- 

Key:  (1).  Scraper.  (2).  birecticu  of  airflow.  (3).  Cylinder. 

Page  186. 

After  the  cessation  of  icing  the  electric  motor  under  spring  effe 
returns  tc  initial  position  anu  contact  it  is  broken. 

Instrument  is  sufficiently  sensitive  and  does  not  need  heati 
In  another  variety  of  instrument  the  electric  mctor  is 
fastened/strengthened  mctiOuiessiy ,  and  is  moved  scraper. 

The  radioactive  ice-inuicatiug  equipment  RI0-2A  is  intended 
supplying  the  signal  about  tne  entry  of  aircraft  into  the  zone  of 
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icing  and  continuous  signaling  snout  the  continuous  process  cf  icir.  ; 

The  operating  principle  ox  instrument  is  based  on  the  abscrrtio 
of  the  beta-radiation  ex  rauioactive  source  by  a  layer  ot  ice,  which 
builds  up  on  external  cyiinancai  stub. 

Signal  indicator  consists  ox  sensor,  electronic  component  ant 
delay  unit. 

The  general  view  ot  tne  signal  indicator  of  the  Rio- 24,  th^ 
de vice/equipment  of  sensor  ana  scaeiatic  electrical  diagram  are 
depicted  on  Fig.  3.73,  3.74,  3.75. 

The  sensor  of  the  signal  inuicator  (see  Fig.  3.74)  consists  of 
hollow  housing  1  with  ccvar/cap  s,  flanged  for  setting  up  in  cu+out. 
on  the  outer  covering  ot  airciatt,  cylindrical  stub  6  by  length  60 
mm,  the  housing  pressed  m  covet/cap,  and  the  counter  of  radioactive 
radiation  7,  arranged/lccated  in  nousing. 

In  the  upper  part  ot  tna  stun  is  placed  the  hermetically  s^al^d 
source  of  4  beta-radiations  oy  tne  activity  of  0.5  millicurie.  In  th 
cover/cap  of  housing  atcve  the  counter  of  radioactive  radiation 
milled  out  slit-shaped  winaow  3. 


Pig.  3.73.  Ice-indicating  eguipm=nt  of  t  he  FIC-2A 


Page  187. 

The  rod  of  sensor  is  warwen  by  alternating  electric  current  by  v 
voltage  115  V,  which  passes  on  special  winding  by  5  of  the  const. i 
wire  with  a  diameter  of  0.  1o  am.  i’ne  specific  power  of  heating  - 
W/cm*. 


Electronic  component  or  tna  t<TO-2fl-1  (see  Fig.  1.75)  encompa 
the  power  supply  unit,  whicn  consists  of  two  rectifiers  and  pow=r 
transformer,  the  integrating  cuain/network ,  amplifier  stage  and 
individual  point  relay. 

The  grid  voltage  cr  tune  Li,  proportional  to  a  nuraoer  ot  t'.v 
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impulses/momenta/pulses  entering,  is  provided  by  the  integrating 
chain/network,  which  consists  o t  neating  element  3  and  resistance  to 
7.  In  order  to  avoid  the  raise  responses  of  instrument  due  tc  the 
fluctuation  of  the  flow  cf  oeta  particles,  tire  constant  of  the 
integrating  chain/networx  are  selected  sufficiently  large  (about  2 
s)  . 


In  the  anode  circuit  or  tune  nl  is  connected  Rl,  during 
operation  of  which  thrcuya  contacts  is  supplied  the  signal  into  1  =  1» 
unit  and  to  the  winding  by  the  relay  R3,  which  includes  heating 
element  3.  The  circuit  cl  tue  winning  cf  this  relay  contains 
consecutively/serially  cne  additional  pair  of  contacts  IS,  extend --I, 
when  aircraft  stands  on  tne  ear th/^round .  This  pair  of  contacts 
protects  from  burnout  tne  heating  element  or  prcng,  since  heat 
removal  without  blowcut  is  insuiticient. 

The  delay  unit  of  the  nlO-28-2  is  intended  for  the 
transformation  of  periodic  signal  into  continuous  upon  the  entry  cf 
aircraft  into  the  zone  ct  icing,  and  also  for  jettisoning  ice  troT 
the  surface  of  the  external  stub  or  sensor. 


As  the  basis  of  delay  unit  is  assumed  the  principle  of  the 
expansion  of  input  pulse  witn  the  aid  of  an  electronic  circuit  of 
type  univibrator. 
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Page  188. 
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of  0-radiations,  2,  7,  fc,  9,  10,  12,  18,  21  -  resistance,  3  -  !. 
element,  4,  5,  14,  16  -  piug-typt  connectors,  6,  11,  13,  19,  20 
capacitors/condensers,  1b  -  contact. 


Key:  (1).  Electronic  component.  i2).  Sensor.  (3).  Delay  unit. 


Page  189. 


After  inclusion  ana  *arui-up  oi  instrument  in  it  is 


established/installed  tne  ioIiokaUs  sta*e:  the  potentials  of  the 
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grids  of  tubes  L5  and  rbu  ap^ioxxmately/exeniFlarily  are  egualiz>-l 
with  the  potentials  cf  tue  corresponding  cathodes  -  both  tubes 
conduct  current;  therefore  reray  au,  R5  disconnect  their  normally 
closed  contacts. 

One  of  these  contacts  oisccnnects  the  bulb  of  the  signaling  o 
the  zone  of  icing,  by  anctner  -  nesting  element  of  external  stub. 

With  the  icing  of  tne  stun  or  sensor  the  flew  cf  the  beta 
particles,  which  irradiate  counter  1,  weakens,  which  leads  tc  -be 
decrease  of  a  number  of  comm^  luipulses/momenta/pulses  trom  count*’- 
on  integrating  chain/netwotK  u  auu  7  and  to  a  reduction/descent  in 
the  negative  potential  ct  ccntrcr  electrode  of  tube  LI. 

At  certain  value  cr  a  voltage  drop  in  the  anode  circuit  of  tu 
LI  flows  the  current  and  on  relay  a 6  will  be  given  the  fast  signal 
the  form  of  impu lse/momentum/purse  by  voltage  27  V  with  duration  j 
2-4  s. 


Through  the  contacts  or  tms  relay  is  supplied  the  grid  vclta 
of  both  tubes  L5a  and  L5t,  wfticn  locks  them.  Since  relay  R4  and  r.6 
prove  to  be  de-energizea,  tneir  contacts  are  closed  and  supply 
voltage  or.  the  bulb  of  signaling  tne  zones  of  icing  and  heating 


element  of  the  external  stun  or  sensor.  At  this  time  occurs  th- 
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charging  of  capacitors/coauoflodfo  i^O ,  19),  circuital  tuuts  Lb  a 
L5b.  After  tha  distance  cr  act  rrou  the  stub  ct  sensor  in  the  y<- 
of  the  source  of  bota-caiuatiuii  ana  cessation  of  the  suoply  of  i 
nulst  the  contacts  of  relay  wo  ana  R7  are  broken,  and  begins 
discharging  capacitors/conaenscrs  19,  20  through  resistance  to  1 
winding  by  relay  R5  in  tne  cnanuel  of  the  pulse  delay  of  trie  7 or. 
icing  and  through  resistance  01  zl,  winding  by  relay  R4  in  the 
channel  of  the  pulse  dela/  or  tae  Heating  of  stub.  The  current  o 
overcharging  creates  on  tne  resistance  Id,  21  drop/jump  in  the 
voltages,  which  holds  tunes  in  tne  closed  state. 

During  flight  in  tne  zona  or  icing  the  described  process 
repeated  in  such  a  way  that  decayed  pulses,  supplied  to  the  bulb 
the  signaling  of  the  zone  or  icing,  overlap. 

Feed/supply  of  the  tunes  or  delay  unit  is  accomplished/r cal 
from  the  rectifier,  carried  out  ju  semiconductor  diodes. 

Instrument  sensitivity,  x.e.,  the  thickness  of  ice  on  the  s 
of  the  sensor,  with  which  occurs  tne  operation  of  signal  indicat 
is  within  the  limits  of  1  mu. 

The  ice- ind icat ing  eguipueflt  of  the  RIO- is  made  in  stri- 
is  established/insta l1  u  ou  tne  aircraft  of  Tu-114,  Tu-124  and  A 
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Ice-indicating  equipment  6b  1  is  related  to  the  first  type  or 
the  signal  indicators,  «nicn  o^ciate/wear  in  the  presence  in  the 
atmosphere  of  the  superccoieu  arops  of  water  at  temperature  cf  air 
lower  than  zero. 

FOOTNOTE  l.  Signal  indicator  is  ueveloped  by  K.  F.  Belov  and  K.  M. 
Belov.  ENDFOOTNOTE. 

A  signal  indicator  of  the  type  Sc  is  established/installed  on  th ^ 
series  helicopter  of  Mi-4  ana  is  intended  for  the  power  feed  cf 
signal  to  pilot  about  beginning  ana  cessation,  of  icing. 

The  schematic  diagram  or  instrument  is  given  in  Fig.  3.76. 


Page  190. 


As  the  basis  of  the  operation  of  instrument  is  assumed  the 
electrical  conductivity  or  ice,  wnich  settles  on  the  surface  of 
sensor.  During  settling  ca  tne  sat  race  of  the  sensor  of  ice  occurs 
closing/shorting  the  slip  rings  of  sensor,  to  one  of  which  is 
conducted/supplied  the  voltage  +2?  V,  and  to  another,  through  th“ 
contacts  of  relay  RP-4,  is  connected  control  electrode  of  thyratroi. 
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TGl-0.1/1,3.  During  the  supplying  to  the  grid  of  the  thyratror-  of 
positive  voltage  the  instrument  operates/wears  and  are  included  the 
heating  of  sensor  and  indicator  lamp  on  flap  in  cockpit.  The  hea-.in 
of  sensor  is  intended  for  tne  periodic  jettisoning  of  ice  from  the 
surface  of  sensor,  windings  ny  polar  relay  BP-4  together  with 
thermistor  TS  and  resistors  ad  aim  P4  form  the  short-circuited 
bridge. 

At  positive  temperatures  on  tne  sensor  of  icing  the 
relationship/ratio  of  ecil  currents  of  polar  relay  RP-4  is  such,  T n 
the  contact  L  is  extended. 

At  temperatures  to  tne  surface  of  the  sensor  of  tne 
ice-indicating  equipment  or  0°c  or  below  drag-rise  characteristics 
thermistor  changes  the  relatronsnip/r atio  of  coil  currents  of  polar 
relay  in  such  a  way  that  tn«  contact  L  is  closed  and  connects  up 
control  electrode  of  thyLatron  1G1-01/1.3  tc  the  slip  ring  of  the 
sensor  of  ice-indicating  equipment.  This  connection  of  the  grid  of 
thyratron  excludes  the  possiuiiity  of  operating  the  instrument  dun 
flights  into  rain,  i.e.,  at  positive  temperatures  when  occurs 


closing/shorting  the  slip  rings  or  sensor  by  the  film  of  water. 


DOC 


79116209 


PAGc.  4**' 


type  SB. 

Key:  (1).  Tracking  unit.  (2).  Seas  or.  (i).  pF. 

Page  191. 

Because  of  electrical  conuuctivity  of  ice  layer  deposited  or. 
surface  of  the  sensor  cl  tne  ice-indicating  equipment,  control 
electrode  of  thyratrcn  cctams  ue  positive  potential,  sufficient 
the  triggering/opening  cf  tnyratron.  In  order  not  to  render 
inoperable  thyratron  during  tne  random  short  circuits  between  the 
rings  of  sensor,  voltage  iron  onroard  net  to  sensor  is  fed/cor.duc 
through  resistance  of  F 2  and  to  tne  grid  of  the  thyratron  through 
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resistance  of  RS. 

Ir.  the  anode  circuit  or  tnyratron  is  connected  the  winding  of 
power  relay  R2.  With  the  course  or  the  current  through  this  winding 
occurs  the  operation  of  relay  ar,  as  a  result  of  which  through  its 
contacts  is  supplied  the  voltage  +  r7  v  on  the  heating  of  the  surface 
of  the  sensor  of  icing  Hi  ana  on  tne  tube  L2,  which  signals  about  th- 
presence  of  icing. 

During  heating  of  tne  surrace  of  sensor  occurs  the  slight 
melting  and  the  removal  cr  tne  deposited  layer  of  ice,  heating 
thermistor  and  change  in  its  resistance.  Heating  must  be  disconnected 
upon  reaching  by  the  t eiu peratur e-sensing  device  of  30-40°C,  which  is 
provided  due  to  the  start  or  resistance  of  R8  through  the  contacts  of 
relay  F2  in  parallel  to  resistance  of  P3  and  P4.  Value  R8  is  select'd 
during  the  control  of  instrument.  Potentiometer  R9  serves  for  the 
control  of  voltage  in  tne  anoue  circuit  of  thyratron  with  the 
connected  relay  P2. 

Since  with  direct/constant  voltage  on  the  anode  of  thyratrer.  Li 
the  removal/taki  ng  positive  potential  with  grid  does  not  lead  to  the 
extinction  of  thyratron,  tne  ratter  works  in  the  relaxation 
raode/cond it  ions  RC,  resistance  wurch  is  the  effective  resistarce  of 
winding  by  relay  R2,  but  a y  capacrty/capacitance  -  a 
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ca pac it or/con denser  C  1.  Inis  mode/conditions  of  the  operation  of 
instrument  is  characteristic  ny  tne  oscillaticn/vibration  of  voltay? 
on  the  anode  of  thyratrcn  irom  +27  V  to  0.  Relaxation  oscillations  in 
thyratron  appear  only  in  tne  presence  of  positive  potential  cn 
control  electrode  of  thyratrcn  and  cease  during  its  removal/taki r.g  or 
wit h  decrease  in  the  ancue  voltage  of  up  to  the  voltage  of 
extinction.  The  frequency  of  voitage  in  the  circuit  of  the  anod«  is 
selected  considerably  higner  tuan  the  frequency  of  the  mechanical  of 
the  anchor  of  relay  TKE5JPD  now  is  eliminated  the  possibility  of  th  = 
spontaneous  explosion  cf  its  electrical  circuit. 

Structur ally/consttucturaiiy  ice-indicating  ejuipment  consists 


of  two  parts;  sensor  of  icing  and  tracking  unit. 
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Page  192. 


The  sensor  of  icir.g  depending  on  site  of  installation  or. 
aircraft  or  helicopter  can  ue  earned  out  in  different 
structural/design  versions.  Ine  ruudamental  elements/cells  cl  s*  nsc 
are  the  slip  rings,  estaciisned/mstalled  on  f r amework/body  from 
insulation,  heating  element,  arranged/located  within  frame work/bod v 
and  temperature-sensing  device.  As  temperature-sensing  device  s-:rv 
the  thermistor  of  the  type  Tde-j,  mounted  in  the  t r amework/bedv  of 
the  sensor  of  signal  indicator. 


Sensor,  carried  out  in  tne  term  of  of  stub  cr  prefile/airfoil 
(Fig.  3.77),  ar=  estab  lisneu/instailed  aboard,  perpendicularly  to 
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airflow. 

The  tracking  unit  consists  or  base/root,  on  which  is  mounted  th 
diagram  of  instrument  aiul  jacket.  oase/root  is  established/install' 1 
on  bracket  to  four  rubber  tenderings.  The  jacket  of  ice-indicating 
equipment  is  fastened  to  aase/rcot  with  three  screws/propellers. 

12.  Special  features/peculrarrties  of  protection  from  the  icing  of 
helicopters. 

For  a  helicopter  tne  greatest,  danger  represents  the  icing  of  th 
blades/vanes  of  the  carrying  and  tail  rotors. 

Ice  accumulation  on  tne  olades/vanes  of  rotor  conducts  to  a 
considerable  increase  in  tne  drag  and  lift  convergence.  An  increase 
in  the  resistance  of  the  ulades/vanes  of  tail  rotor  with  its  icing  s 
significantly  does  not  affect  tne  nelicopter  characteristics. 

Ho  wever,  as  a  result  of  tne  row  sizes/di mensi cns  of  prof ile/airf oi 1 
the  increase  of  ice  on  its  ti aues/vanes  occurs  more  intensely. 

The  icing  of  helicopter  is  developed  in  an  increase  in  the 
vibrations,  the  incidence/drop  in  the  engine  revolutions  and  the 
onset  as  speaking  pilots,  "drivings"  of  knob/stick.  In  this  case  ar. 
increase  in  the  revolutions  to  previous  value  does  not  lead  to  t h - 
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Table  14.  Data  about  the  engine  yowpr  increase  necessary  with  ic 
on  helicopter  depending  cu  ue  t.iae,  which  passed  after  the  b-gr 
of  icing. 
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Key:  (1).  Duration  of  icing  s.  .  Increase  in  power. 


Table  15. 
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Key:  (1).  Duration  of  icing  am.  i^)  .  Increase  cf  power  of  engir. 
o/o  at  temperature  of  suirounuiag  air.  (3).  about. 
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With  further  icing,  la  a^itc  of  an  increase  in  the  power  o£ 
engine,  the  lift  of  helicopter  decreased,  and  it  lost  altitui 

The  effect  of  icing  on  nencopter  characteristics  to  a 
considerable  degree  depends  on  tne  temperature  of  surrounding  air 
Table  15  gives  the  results  or  tae  oench  investigations,  carried  o 
on  the  helicopter  of  Mi-4  unuer  conditions  of  th»  icing,  create! 
artificially  with  water  content  or  approximately  0.2  g/in3.  From  t 
data  it  is  evident  that  at  temperature  of  air  of  -15°c  is  require 
larger  increase  in  the  pewer  or  engine,  than  at  -5°C,  since  the 
section  of  the  icing  of  propeller  nlades  changes  in  dependence  on 
temperature  and  flight  conditions. 

At  high  temperatures  oi  air  or  propeller  tlade  they  ice  up  o 
in  the  section  of  blade/vane  to  tne  specific  iraximutr,  raiius.  The 
values  of  this  radius  for  a  leading  edgc,  upper  and  blade  faces  a 
different  (Fig.  3.78). 

At  low  temperatures,  on  tne  order  of  -10°C  it  is  below,  rcto 
blades  of  the  helicopter  or  Mi-4  ice  up  all  over  length,  moreev-r 
intensity  of  the  increase  or  ice  on  leading  edge  is  proportional 
radius.  In  level  flight  tne  picture  of  ice  formation  changes.  So 
the  section  of  blade/vane  to  o.i-u.3  of  radius  (i.e.  in  the  limi*- 
the  zone  of  re  verse/in  verse  flow)  ice  builds  up  it  is  weakly  an  1 
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formed  only  on  strip  by  the  width,  which  corresponds  to  the  small 
percentage  of  blade  chctu.  rurtner  in  a  radius  the  rate  of  the 
increase  of  ice  increases  ana  toward  the  end  cf  the  blade/var.*' 
approaches  the  icing  intensity  wmie  hovering  of  helicopter  (Fi  j. 
J.  79)  . 


The  form  of  a  layer  or  ice.  on  th°  nose/leading  edg*  of 
blade/vane  depends  mainly  on  tne  temperature  cf  surrounding  air  n 
can  change  along  the  length  or  rxaue/vane  from  ^apered  to 
channeled/grooved  and  tc  norn-sna^cd  (with  leading  edge  free  firm 
ice)  Fig.  3.80.  Fig.  J.tl  givCa  ai.ierent  forms  of  ice,  photcgiapr 
on  the  blades  of  the  propeller  or  helicopter  after  flight  under 
conditions  of  natural  icing. 
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In  one  of  the  e xperiuientul  rxights  while  hovering  under 
conditions  of  the  supercooled  io^  (n=2400  r/min,  boost  pressure  11 
mm  Hg,  temperatures  cf  s urt cunning  air  of  -5°C)  the  icing  of  thr 
blades/vanes  of  the  rotor  oi  ;ae  Helicopter  cf  ?1i-4  had  the  fellow 
character:  from  the  roct  or  oraue/vane  to  rih  No.  20  was  toured 
tapered  ice,  from  rib  Nc.  zO  in  section  in  long  approximately  two 
meters  ice  had  char.n el eu/grooveu  term  and  further  horn-shaped  wi-r. 
free  leading  edge.  From  ii u  No.  40  and  to  end/lead  on  the  blade/va 
of  ice  accumulations  it  wa^  not. 

For  the  protection  of  tne  screw/pro pel ler  cf  helicopter  f rcr 
icing  can  be  used  the  following  methods:  air-heat,  lijuid, 
thermoelectric  and  phy sicocnemioal  (use  of  coatings,  which  deertas 
the  cohesive  force  of  ice  witn  tne  shielded  surface) . 

The  air-heat  continuous  ue-icing  system  did  not  have  extens iv 
application  for  the  protection  or  the  screws/propellers  of 
helicopters  du“  to  the  complexity  of  distributing  warm  air  alcr.) 


1 
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bl ad-3/ va r.e.  Furthermore,  anonier  difficulty  for  a  system  of  tie- 
indicated  is  the  problem  or  “uurricr"  ice,  which  appears  as  a  r 
of  runoff  and  freezing  cr  water  alter  the  warmed  zone.  A  guest i 
becomes  complicated  also  uj  tne  tact  that  during  tns  marmf  act  ur 
blade/vane  from  light  aiioj  tne  temperature  of  air  at  the  inlet 
root  of  the  blade/vane  must  oe  limited  from  strength  consider  at 
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Fig.  3.79.  Intensity  of  tae  xucLtta.se  of  ice  cn  the  leading  ed 
the  length  of  blade/ vane. 


Key:  (1).  mn/min,  (2).  g/mJ.  Id).  *.m/h. 


Pig.  3.80.  Forms  of  ice,  wnicn  is  rormed  on  fclades/van^s  of 
helicopter. 

Key:  (1).  Wedge-shaped  ice.  (d)  .  Cuanneled  ice.  (3).  Horn-sha 
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Even  less  let  us  use  ror  tne  nlades  of  the  propellers  of 
helicopters  safety  methca  rroiu  icing  with  the  aid  of  pneumatic 
protectors,  that  as  protectors  witn  work  systems  sharply  change 
profile/airfoil  of  the  crjoa  section  of  propeller  blades,  which 
extremely  undesirable,  r uc tuec mors,  appears  the  danger  in  rapin 
erosion  from  rain  of  material  or  protectors  at  blade  tip. 

An  attempt  at  the  protection  of  helicopter  sere ws/pr o p 3 1 le 


with  the  aid  of  the  hydr cpncuic  coating  as  which  was  used  teflo 
not  crowned  by  success. 
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In  spite  of  its  simplicity,  metnoa  it  proved  to  be  insufficient  ‘a 
effective  ones,  although  under  lanoratory  conditions  were 
achieved/reached  sufficiently  good  results  [61].  Splitting  ice 
occurred  upon  reaching  cl  tne  tmcKness  of  ice  5  mm  and  more  at  tl.-. 
tip  of  blade  and  8-10  be  on  low  rauii  of  blade/vane  and  it  is  very 
uneven. 

During  the  use/application  oi  hydrophobic  coating  it  is  also 
difficult  to  ensure  sufficient  strength  and  resistance  to  abrasion  of 
the  latter. 

On  contemporary  helicopters  is  applied  mainly  liguid  and 
thermoelectric  de-icing  systems. 

The  use  of  a  liquid  de-icing  system  is  connected  with  a  numb -it 
of  difficulties.  In  connection  with  the  fact  that  to  liquid  in 
channels  within  fclade/vane  operate  the  large  centrifugal  forces, 
appears  the  problem  of  the  even  uistribution  cf  liquid  on  blade/van 
Furthermore,  the  effectiveness  or  the  action  cf  system  to  larg* 
degree  depends  on  the  cpport uneness  of  its  activation.  With  the  d'lay 
of  the  inclusion  the  liquia  washts  in  ice  narrow  grooves  and 
ensues/escapes/flows  out  on  them,  while  on  remaining  surface  remain- 
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a  considerable  quantity  cr  ice  (Fig.  3.82). 

Other  shortcomings  m  tne  liquid  system  -  need  for  ha»i  r,  j 
sufficiently  large  reserve  or  liquid  the  atcard  an)  limited  t;:i 
action  of  deicer.  Latter/last  shortcoming  is  aggravated  by  the 
requirement  to  include  system  prior  to  the  entry  into  cloudin'-;; 
vh ich  is  sometimes  connected  vitu  the  useless  expenditure  or  1: 
due  to  the  absence  in  the  clouas  or  icing. 
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Fiq.  1.S2.  Action  of  liqum  aa-icing  system  upon  overdue  start. 


Page  197. 


Therefore  for  the  effective  ana  economical  week  of  liquid  l«ic--r 
is  important  to  have  or  haiico^tsi  hiqhly  sensitive  and  reliable 
ic e- ind icati n j  equipment. 

There  are  two  methcuo  or  supply  of  de-icing  liquid  to  the 
shielded  surface  cf  blaues/ vau^s  -  throuqh  the  series/row  of  t:.- 
separate  open inqs/a per t uras,  oituated  along  leadinq  blade  edge  an 
throuqh  porous  metal  skxn/sneatnin^  (in  this  case  insid-  blais/va 
is  introduced  not  the  liguiu,  out  the  froth  [5U],  which  because  o 
low  density  is  insignificantly  suo jec+ed  to  the  action  of  centrif 
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forces) . 

System  with  openinja/d^etcuctii  is  simpler,  more  easily  it  is 
assembled  and  does  not  require  supply  to  the  klade/vane  of  air  for 
foaming. 

Furthermore,  during  the  usa/application  cf  a  system  with  trot 
is  not  excluded  the  possibility  or  the  forcing  cf  porous  metal  at 
blade  tip  from  the  abrasive  street  of  solid  particles.  However, 
deicer  with  froth  has  essential  advantage  in  the  considerably  mor- 
uniform  and  more  economical  distribution  of  liquid  according  tc 
blade/vane  l. 

FOOTNOTE  i.  The  liquid  ae-iciug  system  of  this  diagram  was  develop 
by  the  English  firm  TKS  by  researchers  S.  Khal’bert,  D.  Tenner  e4- 
ENDFOOTNOTE. 

The  schematic  of  the  distributor  of  liquid  on  the  blade/var.'- 
heiicopter  is  depicted  in  rig.  J.dJ,  borrowed  from  work  [5H], 
Blade/vane  has  two  chancels:  one  is  arranged/located  directly  und: 
external  porous  skin/sheatniny ,  in  it  is  introduced  the  foam  liqui 
by  another  it  is  located  unuer  tue  first  and  it  is  isolated  from  i 
by  porous  diaphragm.  In  second  cnannel  periodically  is  supplied  t !. 
compressed  air,  which  penetrates  tnrough  the  pcuous  distributive  w 
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the  first  channel  and  displaces  rroth  to  surface. 

An  example  of  the  use/a ppircation  of  liquid  de-icing  system  or 
screws/propellers  with  distribution  of  the  liquid  through 
openings/apertures  serve  tne  neiiccpters  of  Hi-4,  Hi-1  and  "Wessex" 
of  the  firm  Westland  helicopter. 

The  de-icing  system  or  tne  screws/oropellers  of  helicopter  Mi-4 
consists  of  tank  by  the  capacity/capacitance  of  56  pump  with 
electric  motor,  filter,  couuuits/iaanif  olds  and  control  displays  a‘ 
the  operation  of  system  (Fig-  J.d4). 

Supply  to  anti- icing  rrqura  from  tank  1  in  the  blade/vane  of  t.  a 
carrying  and  tail  rotors  rs  aocompiished/realized  with  the  aid  cf 
centrifugal  type  pump  5,  put  to  action  by  the  electric  motor  cf 
direct  current  6. 

Electric  motor  can  work  on  two  modes/conditions:  preliminary  - 
with  fluid  flow  rate  of  approximately  1.5^/min  and  increased,  wi'ih 
axpenditure/consumption  approximately  2.2^/min. 
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Fig.  3.83.  Diagram  of  distribution  of  liquid  on  the  blade/vane  cf 
helicopter. 

Key:  (1).  Liquid  and  ftctu.  it).  t'orous  metal.  (3).  Air. 


Page  198. 

Electric  motor  in  the  first  moue/condit ions  works  in  the  case  cf  th- 
preliminary  inclusion  cf  tne  system  before  the  entry  into  cloudiness 
and  also  with  weak  icin^.  liuuer  more  severe  conditions  the  system  is 
switched  to  the  increased  operating  mode.  The  switch  of  the  irca-  cf 
operation  of  electric  motor  is  arranged/located  in  cockpit. 

Pump  is  connected  ry  conduit/manifold  with  tank,  forming  suckle 
line.  The  output  of  liquid  rrom  pump  occurs  through  the 
reverse/inverse  valve  1o  wmea  witn  the  inoperative  pump  it  docs  not 
make  it  possible  for  liguru  to  escape/ensue  intc  the  main  line  of 
conduits/manitolds.  After  the  cessation  of  supply  it  leaves  liquid  i 
conduits/raanifolds,  giving  thereby  the  possibility  to  avoid  the  time 
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loss  to  the  filling  of  main  iiuc  o/  liquid. 

Anti-icing  liquid  alter  the  pump  through  gauze  filter  7  ar.  i 
throttle  valve  9,  which  ccuzlolz  general/ccmmcn/t  oral 
ex  pen diture/consum pt ion,  enters  tue  forcinq  main  line.  Its 
conduit/manif old  has  a  tee  train  watch  two  tubes  go  to 
collector-distributors  11  and  la  at  main  and  tail  rctcrs. 

From  collector-distttuutar  at  rotor  liquid  on  flexible  hose.; 
under  the  action  of  certxrr ugai  torces  it  stumbles  in  the  tlade/v 
of  rotor. 
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Pig.  3.84.  Scheaatic  diagram  or  tae  de-icing  system  or  tne 
screws/pr opeller s  of  the  uai icopter  of  *i-4.  1  -  tank,  2  -  draina j  , 
3  -  gauge,  4  -  drain,  5  -  pump  S'i'sH-l,  6  -  electric  motor,  7  - 
filter,  8  -  pressure  indicator  SD-16A,  9  -  throttle  valve,  10  - 
washer  with  metering  hcle,  11  -  collect or/receptacl e  of  rotor,  12  - 
blade/vane  of  rotor,  13  -  section  of  blade/vane,  14  -  blaa=/van-  o: 
tail  rotor,  15  -  col  lectcr/rec<=  ptacle  of  tail  rotor,  16  -  checf. 
valve . 

Page  199. 

Each  blade/vane  consists  or  rour  sections.  ‘The  liquid, 
conducted/supplied  to  tne  rorwacd  section  of  each  section,  rails  i  r  * 
the  slot,  formed  by  the  tipping  or  leading  tlade  edge  and  by  sp-.-ciil 
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shape.  From  slot  the  liquid  esca^e/ensuos  tc  tha  leading  p  1  a  d •?  •  :  , - 
through  the  ope  nin  g/apei  t  ut'e  «iu  a  diameter  cf  Q.d  mm, 
arranged/located  alorg  tha  lengtn  of  blade/vane  in  two  se  riec/t  o  w i: 
checkered  order  at  a  distance  or  j  mm  upward  and  downward  from 
leading  edge.  Pitch  cf  roles  xo  iu  mm.  The  liquid,  which  ensues  to 
leading  Made  edge,  rescuuas  ay  axr  flow  over  upper  and  blade  facs. 

The  anti-icin]  liquid,  wmcn  enters  the  collector-distributor  c: 
tail  rotor,  is  rejected  ty  ceuttirugal  forces  through  tnree  tui  -r 
into  the  receivers  of  the  blades/ vanes# 

From  the  receivers  the  fluid  proceeds  into  pockets,  and  then  into 
grooves  of  blades,  ,  from  which  under  the  action  of  centrifugal  forces 
and  air  flow  it  spills  over  surface,  washing  it. 

As  anti-icing  liquia  is  utilized  distilled  alcohol. 


The  English  firm  Westiauu  Helicopter  also  developed  th-3  li  rr 
de-icing  system  of  b la des/vanas  tor  the  helicopter  "Wessex". 


Fig.  3.85  gives  the 
deicar. 


section  of  blade/ vane  with  ligui 


Blade/vane  is  shieiueu  at  length  from  0.3  of  radius  to  =r.d/l-- 
De-icer  is  divided  alony  the  leiigtn  of  blade/vane  in  4  sections  * 
which  is  fed/conducted  t  ha  nguiu,  which  consists  of  40o/o  of  alcohol 

and  10o/o  of  glycerin. 
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Pig.  3.85.  Construction/ design  or  the  experimental  liquid 


ieic- 


helicopter  rotor  "Wessex". 


Key:  (1).  Channels.  (2).  i'uoa  tor  supply  of  liquid.  (3).  Trar.sv 
channels,  which  connect  cuauuexs  A  and  B  in  the  beqinninq  of  ea 
section.  (4).  Stuck  tipping  aaaa  or  stainless  steel. 


Paqe  200. 


On  the  surface  of  the  nose/ieauiug  edge  of  klade/vane  are  mi  lie 
longitudinal  grooves.  Cn  cue  aose/ieading  edge  cf  blade/vane  cr 
40-50  min  on  arc  is  stucn  the  tipping  male  of  the  stainless  ste-- 
Thus  are  created  the  longitudinal  channels  A  and  E,  which  are 
connected  between  themsciv»*o  oy  uie  transverse  channels  of  soul 
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cross  section  in  the  beginning  oi  each  section.  Along  channel; 
liquid  is  distributed  on  sections,  dhar.nels  E  are  the  f  ur.uam  «;:* 
channels  of  the  deicer  cn  vmcu  tie.:  liquid  is  f  ed/ccnducte  i  ♦  o 
openinqs/apertures  with  a  uiaweteL  ot  0.7-0. 8  mm,  staqgere  i  wi* 
space  25-30  mm. 

Channels  B  and,  consequently,  also  open ings/aper turns  are 
shifted  to  low°r  side  sc  mat  at  tne  av  arage/rrean  blade  anjle 
openinqs/apertures  would  oo  aridn ged/located  symmetrically  r-'-la 
to  the  actual  aerodynanic  nne  oi  total  stagnation  cn  the 
nose/leadinq  edge  of  blaa=/vaiie.  In  this  case  is  considered  Ha 
twist . 


The  rear  walls  of  cnanneio  a  have  such  an  incl inat ion/s  lei 
that  at  any  value  of  at,lo  %  tne  angles  a  and  a'  remain  wlunt 
relative  to  t.he  plane  or  tue  rotation  of  blade/vane.  Therefore 
provided  the  uniform  ditcnarje  or  liquid  frcm  c  pe  ni  r.q  s/'ape  r  t  ure 

Tail  rotor  has  the  auuioqous  constr uction/dosiqn  or  deicer 
altogether  only  with  one  section  at  the  beginninq  of  which  is 
fed/conducted  the  liquid. 

The  described  construction  or  deicer  eliminates  the  leakau 


liquid  from  unl°r  tipping  and  provides  unifcrir  washability  of  1 
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edge  ar.d  more  or  bss  uniform  wasnability  of  the  remaining  suriec 
tipping  for  the  zone  of  tuc  ioc.itj.on  of  openi rgs/aper tures. 


Nominal  fluid  flow  Late  -  auout  0.5  1/roir  to  one  blade/van  ■>: 


rotor . 


Thermoelectric  the  rnetnou  of  the  protection  of  the  olaiies/v  t;i 
of  helicopters  from  icing  is  most  effective  and  it  makes  it  poer i! 
to  in  the  best  way  ensure  uc  distribution  of  required  power  cf 
heating  of  blade/vane  vita  tnc  retention/preservation/maintainii: ; 
the  aerodynamic  shape  ct  pror-xe/airfoil  [56], 


The  thermoelectric  ue-iciiij  system  of  cyclic  action  for 
protection  from  the  icing  or  tat  Helicopter  reter  blades  was  for  ■ 
first  time  developed  ana  it  was  established/ i rst a  1 led  cn  the  Sovi 
helicopter  of  Mi-6. 


On  the  English  series  neiicopters  Westland  "Wessex"  so  is 
established/installed  at  present  tne  thermoelectric  de-icing  sy 
of  scr e ws/pro pe 1 lers  of  tae  type  "Spray mat "  of  the  firm  of  N^pir. 
Heating  elements  are  supplied  as  rinish^d  articl-,  and  with  the  i 
of  simple  device  by  the  compressed  air  they  adhere  on  blades/vm. 
after  the  preliminary  treatment  of  the  surface  of  the  latter,  d] u 
is  produced  by  heating,  tor  wnicn  special  heaters  are  introduce : 


If?: 
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inside  gently  longercn/spar . 

Work  [32]  gives  the  results  01  the  investigations,  carried 
by  the  English  firm  Nepir  oy  caoict  of  the  optimum  parameter?  of 
Je-icing  system:  location  or  noatxng  elements  on  the  surface  of 
fclade/vane,  sizes/di  me rsions  or  ia«  shielded  zone,  energy 
consumption,  the  time  c:  xieat.».ny  and  cooling  the  surface. 

Page  201. 


There  are  two  methcas  ox  separation  of  the  shielded  surface 
propeller  blade  in  the  section:  on  spread/scope  or  along  chord, 
methods  on  their  effectiveness  of  action  are 
ap pro xi mat  ely/exemplar  ily  meat  icai. 

The  separation  of  11a uc/vaae  into  heating  elements  along  h 
length  makes  it  possible  to  more  easily  change  the  scope/coverag 
along  chord  along  hlade/vane,  and  to  also  provide  the  more  rapid 
more  complete  jettisoning  or  ice.  in  this  case  the  appearing  dyr. 
asymmetry  is  less  than  during  jettisoning  of  ice  by  long  section 
along  chord.  Shortcoming  in  tnia  method  -  more  complicated 
construction/design  of  neatang  elements  and  large  quantity  of 
current-conducting  busbars. 
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The  separation  of  nane/vaiic  into  lonq  zones  along  chord  111.0.  :■ 

it  possible  to  more  simply  arrange  elements/cells  and  power  tus‘ s  of 

each  warmed  zone.  The  formation  or  "barrier”  ice  after  unheat  =  <i  zon  ■ 

from  latter/last  heatir.g  eicuiciits  can  be  brought  to  th^  minimum  by 

timing  of  heating  section.  noweVci,  a  system  cf  such  type  require: 

somewhat  greater  power  m  view  or  the  fact  that  ice  must  be  chip;;-'  : 

up  all  over  length  of  tlaue/ vane.  iut.  /S  enlac*/!, 

-the  » C*c  dhftc.tS'S  cA  (  ^  ciecc  ciu/ily  —  -Cur o he.  leotiuvn  (jCa cufco  She 

oho  erl  • 

For  determination  ot  tne  necessary  zone  heating  along  chor 1  for 
the  varied  conditions  fer  rlignt  was  calculated  and  determined 
experimentally  the  zone  cf  the  deposit  of  cloud  drops.  For  the 
helicopter  "Wessex"  the  snreruea  zone  encompasses  ICo/o  of  chord  >v  : 
upper  surface  and  25c/c  cr  cnoru  -  on  lower  (frem  leading  edge)  i!.d 
stretches  from  1/3  radii  co  tnc  enu/lead  (as  noted  above,  roc*  c r  r 
blade/var.e  in  the  zone  cr  reverse/inverse  flow  in  section  +  0  1/3 
radii  can  remain  unprotected) . 


Investigations  shewed  tnat  toi  decreasing  the  asymmetric 
dropping  of  ice  and  for  preventing  the  formation  of  barrier  ic^  i*  is 
necessary  to  apply  the  ver*  larger  specific  powers  with  least 
possible  time  of  heating.  1 a e  r^gu^red  specific  power  of  heading  is 
the  function  of  the  temperature  or  surrounding  air  and  to  change 
along  the  length  of  fclaue/vane.  on  the  graph  (Fig.  3.86),  borrowed 
from  work  [12],  they  are  given  tne  dependence  cf  the  specific  power 


m 
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of  the  heating  of  blade/vaue  over  its  length  on  the  temperature  of 
surrounding  air. 


The  selection  of  tne  time  or  on  position  of  sections,  or  coclir.  ; 
time,  depends  on  icing  intensity,  ihis  time  must  be  so  as  not  to 
allow  dangerous  formation  or  ice  wnich  can  lead  to  an  excessive 
increase  in  the  resistance  of  uoJt/vane  and  a  reduct ion/descer.t  ir. 
its  lift  effectiveness,  cr  no  one  damage  of  glider/airf  rair.e  by  the 
large  pieces  of  jettisorauie  ice. 


Jettisoning  ice  must  ne  produced  fast  enough  and  completely  for 
preventing  the  imbalance  rotor  (with  asymmetric  dropping). 


Page  202. 


The  heating  time  for  each  radius  or  blade/vane  depends  on  specific 
power  and  temperature  ot  surrounding  air. 


A  number  of  cyclically  warmed  sections  limited  by  maximum 
permissible  ice  accumulation  during  cycle  depends  on  the  sourc--  paw  r 
of  the  current  and  the  spacinc  pow«r  used.  With  an  increase  in  t ■* 
specific  power  the  overall  reguirement  for  energy  is  decreased. 


Because  of  Kinetic  neatiug,  and  also  centrifugal  and  aerodynamic 
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forces,  the  time,  necessary  ioi  tne  dropping  ct  ice  under  certain 
conditions  and  at  identical  specnic  power  cf  heating,  is  changed 
along  fclade/vane,  being  less  at  ena/ lead  than  in  root.  Under  the 
condition  for  the  si  mul taaeo  us  jettisoning  of  ice  all  over  leng*r.  - 1 
fclade/vane  it  is  desirarle  tne  specific  power  of  heating  to  change 
from  the  minimum  at  end/ lead  to  maximum  in  the  root  of  blade/vanr- . 

Tail  rotor,  as  already  mentioned,  pain  was  sensitive  to 
imbalance  and  therefore  it  must  oe  warmed  or  continuously  or  cyci- 
time  must  be  reduced  net  less  man  three  times  in  comparison  with  !  y 
rotor. 

For  simplification  in  tue  aeicer  (in  particular,  for  decr-asin j 
a  number  slip  rings)  it  is  expedient  to  consider  tail  rotor  as  en¬ 
cyclic  zone.  In  this  case  ice  mom  blades/vanes  will  be  dumped 
si  mult an  eousl y . 

The  overall  diagram  oi  tne  ue-icing  system  of  helicopter  wit!, 
coating  of  the  type  "Sprayuiat"  or  the  firm  of  Nepir  is  shown  in  Fig. 
3.  87. 

For  the  cyclic  thermoelectric  system  of  helicopter,  jus4:  as  for 
an  aircraft,  it  is  d<=siraule  to  cnange  the  cyclic  recurrence  of  th-~ 
werk  of  deicer  in  dependence  on  tne  conditions  of  icing.  It  is 


m 
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necessary  that  on  the  biases/ vanes  would  be  plotted  a  suf  f  ic  ier.* 
quantity  of  ice  for  its  complete  removal. 

During  jettisoning  cr  ice  cr  insufficient  thickness  will  occu 
its  thawing  and  formation  or  nattier  ice. 

Ideal  would  he  system  witn  automatic  regulation  of  the  mode  c 
operation  of  daicer,  what  requires  reliable  instruments  -  thermom- 
and  rate  meter  of  icing. 

The  selection  of  electrical  power  supply  is  produced  in 


dependence  on  that,  such  as  requirement  -  on  weight  or  simplicity 
construction/design  -  must  oe  satisfied  first  of  all. 
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Fig.  3.86.  Dependence  oi  tne  specrric  power  of  the  heating  cf 
fclada/var.e  on  the  temperature  or  surrounding  air. 

Key:  (1).  The  specific  power  or  abating  in  w/cm2.  (2).  Radius  cf 
blade/vane  in  o/o. 

Page  2  03. 

From  the  point  of  view  or  oiupircuy  of  constructions/designs,  bes- 
is  the  system  of  direct  current,  out  its  weight  is  too  great  in 
comparison  with  equivalent  alternating-current  system.  The  firm  Men 
considers  the  power  suppry  one  generator  of  three-phase 

alternating  current. 


For  cyclic  feed/suppr/  or  uercers  is  required  the  series/row  c 
slip  rings.  For  the  purpose  of  tne  decrease  of  their  number  fcy  firm 
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Nepir  was  developed  the  system  or  ^witching,  decreasing  a  number 
the  slip  rings  of  lift  tciar  to  tmee.  As  switch  serves  the  rcrat 
contactor  with  drive  frcm  electric  motor.  In  system  must  be  provi 
timing  of  heating  ("woming"  time)  within  certain  limits  with  th  = 
retention/nreser vation/saintaining  of  consta nt/invariable  cyclic 
recurrence. 

As  has  already  been  indicate!,  the  electrically  heated  cca*i 
are  made  separately  and  tnen  tney  are  established/insta lied  on 
propeller  blades.  Coatings  preliminarily  are  balanced  ana  are 
weighed. 

Coating  of  type  Sprayiuat  consists  of  foil,  fundamental 
insulating  layer,  heating  elements,  obtained  via  the  atomization 
metal,  busbars/tires  arc  upper  insulating  layer.  For  preventing  t 
erosion  from  rain  and  mecnanicai  damages  leading  edge  has  special 
protective  coating  (Fig.  J.do).  lail  pi°ce  of  the  nlade/vane  a* 
length  approx ima tel y/e xe mpia n i y  1/3  has  metallic  coating  from  ri 
foil.  Root  of  the  blade/vant  (appioximately/exeirplarily  2/  i)  is 
shielded  by  coating  Statguaru,  mentioned  above. 

The  blades/vanes  cr  tali  rotor  as  a  result  of  high  rotations 
speeds  must  be  shielded  cy  uietai  coating  on  entire  spread/scop-. 
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The  weight  of  the  experriaeiiLctr  thermoelectric  de-icing  syc- 
helicopter  "Wessex"  is  eguar  to  1u7  kg,  including  generator  with 
voltage  regulator  and  rate  meter  or  icing. 
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Fig.  3.87.  Overall  diagram  or  tn<=  ue-icing  system  or  helicopter  v 
coating  of  the  typc  Sprayaat.  1  -  slip  rings,  2  -  cyclic  switch, 
plug-type  connector;  4  -  anti-erosion  tape  (4Co/o  of  fcladr/va.ne)  , 
coating  the  type  Spraytrat  (odo/o  or  blade/vane),  6  -  monitor  ar.d 
contactor,  7  -  coating  :n0  type  Gpraymat,  8  -  electric  pow°r  sunp 
through  the  main  shaft,  y  -  a-c  generator  and  tan,  10  -  switch  or. 
control  panel  of  pilot. 

Page  204. 

It  should  be  noted  that  ta«  weignt  of  the  electrically  heated 
coatings  can  be  partially  or  completely  compensated  by  the  eguiva 
decrease  of  the  counterweignts  to  the  nose  section  of  the  blade/v 
Furthermore,  heavy  equipment  as  a-c  generator,  voltage  regulator, 
contactor,  etc.  can  be  fulfiliea  oy  detachable  for  the 
exception/eli mination  or  supplementary  weight  during  the  flights 
helicopter  in  areas  where  usually  are  not  encountered  conditions 


DOC  =  79116210 


F»Uc. 


Fig.  3.88.  Schematic  of  tn«  jciCo.  of  blades/vanes  the  carrying 
tail  rotors  of  helicopters,  aj  tue  cross  section  of  th»  blade/v 
rotor,  b)  the  cross  section  or  tue  hlade/vane  of  tail  rotor.  1 
of  protection  from  erosion,  2  -  copper  foil,  3  -  coating  with,  a 
thickness  of  0.254-0. 10b  mw,  4  -  aerodynamic  duct/contour  of  th 
prof ile/a  ir f c il,  5  -  cc untcr Uei gut.,,  6  -  aluminum  foil  along  th 
length  spread/scope  to  Ido/o  or  cnord,  7  -  six-el^mc-nt  zones,  '■< 
two-element  zones,  c)  the  diagram  of  coating  Spraymat  1  -  tarr: 
protection  from  the  erosion  warn  a  thickness  of  0.  305  mm,  2  -  1 
of  the  cement  with  a  thickness  or  u. 127  mm,  3  -  element/cell  ■«: 
thickness  of  0.103  mm,  4  -  t unuamauta 1  insulating  layer  with  a 
thickness  of  0.481  mm,  b  -  aluainuo  foil  with  a  thickness  of  C. 
ram,  6  -  long* ron/spar,  7  -  up^er  insulating  layer  with  thicknr..; 


0.178  mm,  8  -  a  layer  or  tne  cement  with  a  thickness  of  0.  076-u 
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Key:  (1).  chord.  (2).  Diagram  or  coating  Spraymat. 

Page  205. 

The  start  of  the  hcaiiug  oi  ora des/va r.es  ■‘•he  carrying  an:  - 
rotors  is  produced  by  the  switcn,  which  allows  in  dependence  or 
conditions  of  icing  to  cbUjl^h/xns+all  one  cf  the  three 
modes/cor.ditions : 

I  -  heating  20  s,  ccoriug  Ido  s; 

II  -  heating  40  s,  cooling  60  s; 

III  -  heating  60  s,  cooling  oo  s. 

Control  of  heating  anu  tn=  current  f°ed  to  heaters  of  th- 
carrying  and  tail  rotors  occurs  mrough  slip  rings. 

On  the  cov=r/cap  cc  ue  nousiag  of  current  collector  of  re¬ 
ars  mounted  two  contactors  ot  tnrec- phase  current,  whose  control 
windings  are  included  by  programmer. 
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The  heating  elements  or  eaca  nlade/vane  cf  rotcr  are  broke 
two  sections  -  root  and  tiu,  approximately  with  equal  resist  arc 
Upon  the  cyclic  inclusion  or  a« ice..  are  consecut  ively/sori  illy 
included  first  the  root,  a*,  a  zusti  end  sect  iens  cf  the  heaters  o 
bl a  des/ va  nes« 

The  heating  of  the  tiaues/vaues  of  tail  reter  is  produce  a 
by  the  start  of  the  contactors  waose  control  winding  is  irciu'.e 
the  sam0  programmer,  in  tms  case  are  cyclically  heated  th-  lei 
edq°s  of  two  opposite  1  aoucs/vaiica. 

Heating  elements  au  ac rail g<=  d/loca t ed  all  ever  length  of 
blad^/vane  on  the  lower  ana  upper  surfaces  cf  ncse/1 eading  ad  ;e 
13.5o/o  cf  chord.  The  Sftc^uc  power  of  the  heating  of  blades/v 
variable/alternating. 

In  structnral/desi^r.  oeiioc  u=  deicer  is  an  electric  aea^i 
packet,  stuck  on  the  outer  covering  under  pressure-  d-5  <gf/cm? 
temperature  of  150°C. 

For  the  gluing  cf  ueicers  on  the  external  surface  of 
skin/sheathing  of  nos^/leauinj  euge  are  selected  the  cavities  w 


depth  of  0.7-0. 3  mm  by  cne^rcai  milling.  To  the  treated  thus  su 
after  coating  of  cement  ny  tne  tmokness  of  0.2-0.19  mm  and  gin 
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of  electro- insulation  (cue  rayet  or  the  glass  cloth,  saturate-  i  w 
cera°nt)  is  stuck  the  hearing  eicui=iit,  prepared  from  the  tape  c:. 
stainless  steel  with  a  tnicknsss  or  0.12-0.3  nm. 

Outside  heating  elcuiant/ceii  is  shielded  by  insulation/  iso  I 
from  glass  cloth  and  by  cuter  covering  from  Duralumin  with  a 
thickness  of  0.4  mm  for  a  root  section  and  from  by  the  which  no- 
corrodes  flocks  thickness  of  0.2  uim  -  for  the  end  section  of 
bl ade/vane. 

Electric  wiring  f  eea/suppnes  of  deicer,  and  also  wire/ccnd 
from  thermoswitches  are  laiu  on  tne  longercn/spar  of  blade  War.  . 

In  blade  root  the  wires/cona uctors  are  connected  to  the 
plug-type  connector,  9Stdolisr.ca/iust ailed  under  root  fairing. 

The  deicers  of  the  nose  sections  of  the  sections  within 
section  series-eor.necteu  uetweea  tnemselves  bv  cross  cor.necticr 

Page  206, 


The  permanent  heating  or  tne  noses/leading  edges  of  the 
intakes  of  engines  is  accom piisueu/reali ze d  by  heaters,  whose 
is  produced  by  contactor,  tnat  operates/wears  by  the  start  of 


air 
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general/common/^otal  smcn  (tnrough  the  thermosvitch) . 

Heating  element  will  b  =  aepuoited  to  the  internal  surface 
intake  and  consists  of  several  layers  of  resin  of  the 
cur re  nt -conduct ing  com  position. 

The  heating  of  glasses  or  tiight  deck  is  accomplished/real 
by  tape/film  heating  elements  ana  warm  air  frem  electric  furrac 
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Page  207. 

Chapter  IV. 

EFFECT  OF  ICING  ON  A  ER  OL  Y  NAi'ilC  CiiaB  ACTER  1ST  ICS  AND  AIRCRAFT 
PERFORMANCE. 


As  we  noted,  the  px.cuj.em  ox  ..cing  has  two  sides  the  first  o 
which  consists  in  negative  erxcCt  on  the  operation  of  power  pier, 
some  instruments  and  equipment,  nut  the  second  -  in  a  detericra* 
in  flight  aircraft  qua  lity/r  xiioCtaa  ratics. 

Let  us  recall  how  occurs  tut  xlow  of  air  about  the  wing  pro 
or  tail  assembly.  As  a  result  or  tue  action  of  the  forces  of 
viscosity  of  air  its  particles,  directly  adjacent  to  wing,  are 
braked,  lower  the  speed  cr  adjacent  particles,  as  a  result  of  wh 
in  the  wing  surface  is  termed  a  tain  boundary  layer  of  the  stage 
air. 


The  rate  in  boundary  xay«r  varies  frem  zero  (on  the  wing 
surface)  to  the  local  importance  of  air-stream  velocity  (on  the 
boundary  of  boundary  layer).  Ine  cnaracter  cf  motion  in  boundary 
layer  can  be  laminar  or  turnuxent.  With  the  laminar  particle  mot 
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of  air  they  move  over  tnc  trajectories,  which  do  not  intersect 
between  themselves,  and  rluw  nears  laminar  (hence  name  -  laminar) 
character.  In  turbulent  boundary  layer  occur  the  irregular  mixing  o 
the  particles  of  the  air,  then  motion  in  transverse  direction,  a j 
flow  bears  the  swirled  (tumuxent)  character.  Laminar  boundary  1  a y 
is  unstable  and  easily  it  passes  into  turbulent  state. 

The  resistance  of  any  nouy,  streamlined  with  air,  as  is  known, 
is  made  up  from  the  pressure  ura^,  caused  by  the  breakaway  of  air¬ 
flow  from  body,  and  the  motional  resistance,  which  appears  as  a 
result  of  air  friction  against  nouy  surface.  For  a  contemporary 
aircraft  the  latter/last  component  plays  extremely  important  roi  . 
With  the  turbulent  structure  or  nour.dary  layer  the  frictional 
resistance  is  considerably  greater  than  with  laminar. 

Flow  around  of  the  wing  at  low  angles  of  attack  a  (Fig.  4.1a) 
occurs  without  the  breakaway  or  air  flow  1  ,  in  this  case  the 
boundary-layer  flow  in  certain  section  is  usually  laminar,  and  th<~n 
passes  into  turbulent  state. 

Foci ncf C  •  nc+t,  ihtLlcun  m  t-hu.  sbifnet  +  lou 

sk-.l'  (Wtu .  1*'«  I'V’X  <U  khi'j  Litfiint/K'  (jd-niltar,  <*t  a  CWS-KV  u_c»k«: 
bhioA  a'iiLiC.1  bn-nUiy  c*f  -*ht  i  utiO  lou-kt  lul  oKt  id  .hi  n_.n(j  jcmg 


The  length  of  laminar  section  depends  on  Reynolds  number,  form  cf 


profile/airfoil  and  from  tnat,  to  what  extent  the  rough  surface  of 
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The  thickness  of  tuioaient  ooundary  layer  increases  along  win 
chord  more  rapid  than  in  laminar.  Because  of  this,  the  more  alcr.  j 
lenqfth  the  section  occupies  a  turoulent  layer,  the  greater  the 
thickness  of  vortex  wake  ana,  tnerefore,  the  greater  th*  pressur- 
drag.  Thus,  with  the  decrease  or  ue  length  of  laminar  section 
occurs,  on  one  hand,  an  increase  in  the  frictional  resistance,  and 
the  other  hand  -  increase  in  rue  pressure  drag,  which  sum  causes  i 
sharp  increase  in  the  coeuicieut  of  profile  drag  of  wing  cy<- 

The  effect  of  roughness  and  irregularities  of  the  surface  of 
wing  is  developed,  on  one  nand,  in  their  internal  resistance  with 
another,  in  the  agitation  or  bounaary  layer.  In  this  case  de suite 
fact  that  the  internal  resistance  of  roughness  can  be  with  their 
insignificant  dimensions  very  little,  nevertheless  as  a  result  or 
contraction  or  laminar  section  complete  disappearance  of  boundary 
layer  the  profile  drag  or  wing  strongly  will  increase.  At  the 
height/altitude  of  the  ptot uoaraiices/prominences  of  roughness  20-2 
their  its  own  resistance  can  ue  virtually  disregardsd/neglecieu. 
However,  the  presence  even  or  such  insignificant,  it  would  seem, 
roughness  on  an  entire  wing  surtace  agitates  the  boundary  layer  an 
can,  as  show  calcula ti cns,  increase  the  coefficient  cf  profile  dr.i 
of  wing  doubly  [  3  ]. 
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From  the  aforesaid  it  is  cieai,  as  will  affect  the  drag  of 
aircraft  ice  formation  on  its  surrace.  Even  the  insignificant  icin 
of  any  form  as  a  result  or  its  roughness  will  cause  an  increase  ir. 
the  drag.  This,  in  particular,  it  is  necessary  to  near  in  mind  wit 
the  inspection  of  the  suLtace  oi  tue  aircraft  before  the  flight  wh 
pilots  frequently  underestimate  tne  danger  of  the  light  raid  cf 
hoarfrost  or  frozen  snow,  uouaiiy  with  icing  as  on  the  ear th/grour. 
that  and  in  air,  the  thicuness  or  ice,  forming  on  winy  (,  etc. 
aircraft  components),  reacnes  several  millimeters  (and  sometimes  a 
centimeters),  which  not  only  maKcs  the  surface  of  rough,  out  also 
leads  to  the  distortion  ci  tne  enclosures  of  prof ile/airf oil . 


Fiq.  4.1.  Diagram  of  the  rormation/sd ucation  of  noundary  layer  durinj 
flew  around  of  the  wing  at  smaii  (a)  and  large  (b)  angles  of  artac-.. 

1  -  laminar  layer;  2  -  turnuieut  layer;  1  -  vertex/eddy  trace,  s  - 
separation  point  of  boundary  layer. 

Page  209. 

Fig.  4.2  gives  the  paotograpu  of  the  iced  over  low-r  surface  of 
the  wing  of  aircraft  Li-l  alter  experimental  flight.  This  ice 
formation  caused  an  extremely  strong  increase  in  drag. 

Wind-tunnel  investigations  snow,  how  strongly  affects  the 
undulation  of  prof ile/airroii  drag.  For  example,  when  there  is 
present  on  the  wing  (witn  chord  x  a)  an  undulation,  which  occupies 
approximately  fourth  of  wing  suriace  and  which  has  the  height  of  wav¬ 
's  mm,  coefficient  of  promt  ura*  it  increases  (with  Reynolds  number, 
equal  to  6»106)  by  87. 5c/o. 
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To  lift  coefficient  cy  during  flow  around  of  the  wing  at  iow 
angles  of  the  attack  (tiseu  it  uces  not  occur  the  breakaway  of  air¬ 
flow)  roughness  has  small  eirect.  however,  as  we  will  see  below, 
these  roughness  strongly  change  iiia\  wing . 

During  flow  around  ci  tne  wing  at  high  angles  of  attack  the 
boundary  layer,  which  increases  ny  thickness  along  chord,  blows  aw 
from  the  wing  surface  at  certain  point  S  {see  Fig.  4.1).  The  reaso 
for  this,  as  is  known,  it  consists  in  the  fact  that  with  an  inci-a 
in  the  angles  of  attack  cu  the  upper  wing  surface  increases  the 
rarefaction/evacuation  m  tae  rorward  part  cf  the  prof ile/air toil 
the  point  of  the  minimum  or  pressure  is  displaced  to  the  wing  l^ai 


edge.  After  the  minimum  cf  pressure  the  rarefaction  along  wing  cho 
rapidly  is  decreased,  i.e.,  appear  high  adverse  pressure  gradients 
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Fi‘1-  4.2.  Icir.j  of  +■  he  iojoi  ^aa jcp  of  the  wing  cf  aircraft 

Page  210. 

Boundary-layer  air,  passing  tu«  ,/uint.  of  th=  ainiaiuir  of  pres 
must  move  of  the  region  cr  ua  gr<=atcr  r  ar  - 1  act  icr/e  var  ua  t  10 
the  region  of  smaller  rut=ructicn/.=  vacuation,  which  lca  Is  to 
braking,  appearance  cf  itcuiieiir  air  circulaticn  near  the  ta 
profile/airfoil  and  to  ju^nt  scur.dary-1  ayer  separation. 

Separation  point  at  first  usually  i-s  locat  ed  at  trailing-  wir. 
but  with  further  increase  n»  one  angle  of  attack,  it  is  move- .1 
to  leading  edge,  7hc  d  isruptrun/set-araf  icn  of  boundary  layer 
the  adjacent  jets  of  e»ternai  iron  leads  to  a  sharp  incr-as- 
air  foil  drag  du°  to  an  increase  m  the  pressure  drag  and  li 
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convergence. 

As  is  known,  with  an  increass  in  the  angle  of  attack  a'lift 
coefficient  r„  at  first  yrows/iisas  according  to  the  law  of  str  n  i 
lin°.  However,  at  high  angles  or  attack  this  linear  dependence  is 
disrupted,  which  indicates  tn=  c«gun  breakaway  of  air  flow. 

At  certain  critical  angle  or  attack  the  lift  coefficient 

attains  its  maximum  value.  1 urtner  increase  in  the  angle  of  attic; 
causes  overall  flow  separation  trout  wing,  rarefaction/e vacuatior  o 
the  upper  wing  surface  rapidly  tails,  and  <V  sharply  is  decreased. 

The  dependence  of  tne  stag  coefficient,  of  wing  -v  on  the  anil 
of  attack  a  is  close  tc  paranotic.  With  an  increase  in  the  angl  =  o 
attack  I1,  it  increases  and  it  continues  rapidly  to  grow/rise,  also 
after  critical  angle  of  atracx. 

From  Fig.  4.3  evidently,  as  cnanges  wing  in  dapendcnc'  o 

the  state  of  its  surface.  During  coating  of  the  wing  surface  wi~h 
carboruduB  dust  i./mat  it  uescenas  more  than  1.7  times  and,  that  als 
very  importantly,  simultaneously  is  decreased  the  critical  ar.gl>--  o 
attack  [3],  Approximately  rne  same  effect  on  the  lift  effectiver.es 
of  wing  will  show/render  the  deposit  of  a  thin  layer  of  rough  ic-. 
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Decrease  and  >t, j.  or  the  iced  over  wing  depends  or;  the 

earlier  disruption/separation  or  air  flow.  During  the  flow  groin,  i 
the  wing  air  flow  they  can  ac  iuc  sources  of  local  ^ 

disruptions/separations  even  at  small  angles  Of  attack.,  which  will 
cause,  on  one  hand,  increase  in  tne  pressure  drag,  and  with  arc- h  i , 
it  dQcreases  th°  lift,  witn  an  increase  in  the  angle  of  attack 
intense  braking  of  the  rlow  anuve  the  wing  will  enforce  recurr^r*  . : : 
flows  from  the  tail  of  p tor i le/aliroi  1  to  its  forward  section.  :  r.i. 
will  lead  to  the  earlier  overall  aisr  upt  ion/se  par  at  i  on  of  air  :1c.'. 

i 

Thus,  fundamental  aanger  in  ilight  under  conditions  of  icin ; 
consists  in  the  approximation/ap^roach  of  aircraft  to  separation 
mode/conditions  in  the  case  or  ice  formation  cn  wing  and  tail 

assembly.  ■ 
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Fig .  4.3.  Effect  of  rou^nness  on  uie  dependence  of  lift  coeffici 
on  angle  of  attack  a)  the  wing  suuace  flat,  h)  the  wing  surface 
covered  with  carboruduu  oust. 


Page  211. 


An  increase  in  the  uiag  ana  a  reduction/descent  lift 
effectiveness  will  be  enviously  anferent  in  dependence  on  iegr* 
form  and  form  of  icing.  Ace  given  nelow  short  results  of  the 
investigations,  carried  out  by  tne  author  on  different  aircraft 
during  flights  under  cocu^cions  or  natural  icing  [21],  [17],  fit 

Investigations  were  conuucteu  cn  the  special  aircr  if t-f  1  vir. 
laboratories  which  were  eguippeu  j y  the  measuring  recording 
eguinment.  The  circuit  ci  investigations  consisted  in  the  define 
of  the  level  of  hazard  ct  tne  varied  conditions  of  icing  both  wi 
the  worker  and  in  the  iccpecativt  ae-icing  system,  in  the 
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determination  ot  the  naea  10:  tne  protection  of  separate  arrerc 
components  of  icing,  in  tne  e id  nun at i on  of  the  special  cases  oi 
flight,  connected  with  ia.t.t.uic  cr  one  cr  several  engines,  with 
at  angles  of  attack,  close  to  critical,  with  drift  to  the  soccr. 
circle  under  conditions  cr  icing ,  etc. 

The  work  conducted  maue  possible  to  develop  instructions  t 
pilot  and  recommendation  to  designer. 

The  fliqht  ch a r ac ter is t ics  or  the  iced  over  aircraft  were 
determined  with  the  f i xeu/r ecotaua  thickness  of  ice  on  standard 
meters.  After  the  grower;  or  ict  cr  tne  pr°scribed/issigned  thic 
and  form  the  aircraft  leaves  ths  lone  of  icing  and  were  fulfill 
these  or  other  the  maneuver.*,  necessary  for  cttainir.g  of  the  r_ 
characteristic. 

The  determination  cr  ireru  in  the  various  forms  of  icir.g  w 
produced  by  the  method  cr  comparison  of  the  rat-  of  cli<-b  of  *h 
over  aircraft  with  the  rare  or  cr  i  mb  of  the  aircraft,  free  fren 
The  obtained  increments  in  tne  vertical  velocities  for  each 
equivalent  airspeed  made  rt  possirre  to  determine  the  lppropna 
increments  in  the  drag  coerr  io-.cn.,  and  to  construe*-  th-  deper.de 
c.,=fict)  ». 


r 
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FOOT  VOT  E  1 .  This  method  was  proposed  in  1962  by  K.  F.  Sew  i  1  >  vs 
he  was  repeatedly  applied  u;  tnc  author  during  processing  ot  * 
results  of  in vestigatiou.  aetuoa  ±. s  based  on  the  assumption  oA 
equality  of  the  available  powers  oi  the  iced  ever  and  nonic--d 
^  aircraft,  which  is  correct  junn^  the  guarantee  ot  effective 

protection  from  the  icin-j  or  ang.’.ncs  and  propellers.  ENDFOOTNC 

Fig.  4.4  jives  the  toi aio  u  the  aircraft  of  11-14,  on* si 
the  met  hod  indicated  wiu  ice  initiation  of  the  first  and  sucrr 
in  working  and  switched  cn  uc-mug  system. 

From  graph  it  is  evident  tnat  the  most  considerably  a trod 
characteristics  of  aircraft  deteriorate  wi+h  ice  formation  ot 

I  first  form  in  the  switcnei  on  de-icing  system  when  icing  at  is 

I 

the  wing  of  aircraft.  In  tars  cao<a  t.hc  now  of  air  about  t.ue 
1  horn-shaped  ice  flanges  cn  wmg  causes  intense  vortex  forma* ic 

braking  and  appearance  or  uisi u t t aons/se pa r a i ions ,  which  sharp 

» 

increases  pressure  drag  ana  is  decreased  lift  cot  f  f  ic  i-r.t .  /:* 

increase  in  the  angle  ct  attac*.  iCc  built-up  edge  causes  fail; 
sharp  flow  separation  on  wing,  winch  leads  tc  increase  f(®»'  a 
critical  angle  of  attacK. 

Page  212. 
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Ice  of  the  first  fori  by  tmcKness  on  standard  indicator  35  mm  in 
switched  off  da-icing  system  causes  sharp  shift/shear  of  polar  to  th 
right,  increasing  its  inclination/ slope  to  the  axis/axle  of 
abscissas,  naxiiui  aerodynamic  aircraft  quality/f ineness  ratio 
descends  in  this  case  from  19  (for  noniced  aircraft)  to  11.  Drag 
coefficient  increases  when  rl/  =  0.85>  hy  70o/o. 

It  is  characteristic  tnat  these  changes  cccur  with  the  thicknes 
of  ice  on  standard  indicator  35  mm,  which  corresponds  altogether  or.l 
to  16-17  ma  on  wing  (in  its  miudre  cross  section). 

In  the  working  de-icing  system  when  icing  undergo  only  the 
unprotected  aircraft  components  (center  section,  engine  nacelles, 
fuselage,  struts  of  antennas,  air-pressure  heads,  etc.  -  Fig.  9.5), 
ice  formation  of  the  first  fora  or  thickness  indicated  has  less 
considerable,  but  nevertheless  essential  effect  on  polar.  Maximum 
aerodynamic  aircraft  guality/f ineness  ratio  is  decreased  to  15,  and 
Cv  increases  in  comparison  with  the  noniced  aircraft  by  25o/c  (for 
value  t'„  =  0,85). 

The  comparison  of  pclars  snows  that  ice  of  the  second  form,  ir. 
spite  of  doubly  large  tnickaess  (75  am),  it  less  considerably  makes 
aerodynamic  characteristics  worse,  than  ice  of  the  first  form. 
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In  the  examination  cf  polar  (curve  2)  one  should  take  into 
consideration  that  a  deterioration  in  the  aerodynamic  characteristics 
in  this  case  can  occur  not  only  as  a  result  of  the  icing  of  the 
unprotected  aircraft  components,  out  also  as  a  result  of  incomplete 
distance  ice  from  the  wing  surface,  which  sometimes  is  with 
accomplishing  of  flight  unaer  coalitions  of  heavy  icing. 
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Pig.  4.4.  polars  of  the  icea  over  aircraft  of  11-14.  M  the  icing  of 
the  first  fora  (thickness  of  ice  on  standard  indicator  35  mm),  b)  the 
icing  of  the  second  fora  (tncaness  of  ice  75  mm)  .  1  -  noniced 
aircraft,  2  -  iced  over  aircraft  in  working  de-icing  system,  3  -  iced 
over  aircraft  in  switched  oxf  de-icing  system. 

Page  213. 


Definite  interest  from  the  point  of  view  of  the  need  for  the 
protection  of  separate  aircraft  components  are  cf  polars  with  the 
icing  separately  of  wing,  tan  assembly  and  unprotected  parts. 

Pig.  4.6  gives  such  poiars. 

As  we  see  the  icing  of  wing  is  caused  when  c„=l,0  an  increase  in 


the  drag  coefficient  as,  as  c*  increases  with  the  icing  of  all 
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regaining  aircraft  components  (taxi  assembly,  fuselage,  engine 
nacelles)  , 

On  the  basis  of  the  obtained  ^olars  were  constructed  the  curves 
of  the  required  and  avaiiaoie  powers  of  the  aircraft  of  11-14  with 
ice  formation  of  the  first  tors  (Pig.  4.7).  Curves  clearly  show  to 
what  extent  increase  the  required  powers  and  to  what  extent  descends 
the  maximum  speed  of  aircraft  as  a  result  of  icing. 
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Fig.  4.5.  Icing  of  the  unprotected  aircraft  components.  Ice  on  the 
strut  of  air-pressure  head. 

Pa  ge  214. 

Especially  sharply  the  decrease  of  margin  of  power  affects  in  flig 
one  engine.  The  rate  of  ciiac  or  aircraft  in  this  case  in  working 
de-icing  system  (curve  2)  is  altogether  only  0.4  m/s.  Obvious  that 
with  the  somewhat  larger  thrcuuess  of  ice  margin  of  power  will  be 
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reduced  to  zero,  and  conceal  ay  snape,  this  rate  of  icing  of  aircraft 
will  be  maximum,  with  which  is  feasible  the  flight  on  one  engine 
without  reduction/descect. 

As  a  result  of  decreasing  the  margins  cf  power  the  rate  of  cli.mt 
of  the  iced  over  aircraft  and  its  service  ceiling  descend.  The  effect 
of  ice  of  the  first  and  second  views  of  the  vertical  velocities  and 
the  service  ceiling  of  the  aircraft  of  11-14  in  of  working  and 
switched  off  de-icing  system  it  is  given  in  Fig.  4.8. 

From  the  graph  (see  Fig.  4.8aj  it  is  evident  that  in  the  case  of 
ice  formation  of  the  first  form  tue  icing  of  the  unprotected  aircraft, 
components  causes  decrease  of  the  vertical  velocity  on  0.8  m/s,  and 
the  service  ceiling  -  on  700  m.  lu  switched  off  de-icing  system  the 
vertical  velocity  descends  oy  2.6  a/s,  and  the  service  ceiling  -  cn 
2400  m  in  comparison  witn  tne  noniced  aircraft. 


i 
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Fig.  4.6. 


Nn ' 


F'l  j.  4.7. 


Fig.  4.6.  Polars  of  aircraft  or  Ii-12  with  icing  of  its  separate 
parts;  ice  of  intermediate  tors;  taickness  of  ice  on  standard 
indicator  (42  mm).  1  -  ncn.».c eu  aircraft,  2  -  iced  over  aircraft,  ice 
are  discarded  from  wing  and  stauiiizer,  3  -  iced  over  aircraft,  ice 
are  discarded  from  wing,  *4  -  completely  iced  over  aircraft. 

Fig.  4.7.  Curves  of  required  ana  available  powers  of  aircraft  of 
11-14  (icing  of  first  form,  tmcsaess  of  ice  cn  standard  indicator  3' 
■a).  I  -  work  both  engines,  nominal  rating,  II  -  work  one  engine, 
nominal  rating,  1  -  noniced  aircraft,  2  -  iced-over  aircraft  in 
working  de-icing  system,  3  -  icea  over  aircraft  in  switched  off 
de-icing  system. 
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Page  215. 

The  decrease  of  rate  of  climb  and  respectively  service  ceiling  in  th< 
case  of  ice  formation  ct  tne  secona  form  (thickness  on  standard 
indicator  75  mm)  is  considerably  less. 

Thus,  the  given  grains  illustrate  different  effect  of  two  forms 
of  icing  on  the  vertical  rates  of  climb  and  service  ceiling  of 
aircraft. 

The  decrease  of  rate  or  clian  as  a  result  of  icing  negatively 
affects  the  possibility  cr  tne  output  of  aircraft  upward  from  the 
zone  of  icing. 

Pig.  4.9  gives  the  results  of  determining  the  rate  of  climb  cf 
the  iced  over  aircraft  of  11-14  with  drift  fcx  the  second  circle  in 
the  case  of  impossibility  set.  The  origin  of  coordinates  corresponds 
to  the  moaent/torgue  of  tne  giving  of  gas.  These  noted  to  curves  the 
time  of  the  landing  gear  retracting  and  flaps  (small  circles  and 
chain  wheels)  correspond  to  moment/torgue,  when  landing  gear  flaps 
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are  retracted  completely. 

As  can  be  seen  from  grapn,  even  in  working  de-icing  system  ice 
formation  of  the  first  tora  (witn  indicator  70-75  mm  thickness  on 
standard  seriously  makes  tne  rate  of  climb  worse  of  aircraft  with 
drift  to  the  second  circle,  witn  tne  deflected  flaps  on  45°  after  the 
beginning  of  the  giving  c£  gas  tne  aircraft  continues  to  descend,  and 
it  loses  altitude  (in  comparison  with  noniced  aircraft)  additionally 
by  30  m.  The  distance  of  tne  gain  of  altitude  of  50  m  increases  by 
approximately  500  m. 


I 
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Page  216. 

It  should  be  noted  tnat  the  given  graphs  illustrate  the  in  any 
way  "maximum”  cases  of  icing  rrcrn  the  point  of  view  of  effect  to 
flight  aircraft  qualit  y/  fineness  ratios.  In  practice  can  be 
encountered  more  dangerous  ice  roraations. 

The  contemporary  turoojet  aim  turboprop  aircraft,  which  poss-'s 
the  greater  power  reserve  *u  comparison  with  piston  ones  to  a  less= 
degree  are  subjected  to  tne  negative  effect  of  icing  on  such 
characteristics  as  rate  ct  cnac,  service  ceiling,  cruising  and 
maximum  speeds.  For  example,  tne  aircraft  of  Tu-104  during  tests 
twice  fell  under  the  conditions  oi  especially  intense  icing,  but  th 
did  not  lead  to  any  sericus  deteriorations  in  the  flight 
characteristics.  In  wonting  de-icing  system  the  rate  and  the  rate  o 
climb  of  aircraft  changed  msignmcantl  y.  In  entire  speed  rargr  -h 
aircraft  handling  virtually  did  not  change.  However,  in  the  case  or 
the  inoperative  or  insufficient  effective  de-icing  system,  as  show 
experiments  on  the  aircraft  ot  An-10,  11-18,  Tu-124  and  An-24, 
of  icing  it  can  prove  to  ue  very  essential. 
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So,  on  the  aircraft  or  u- 1  c»  the  decrease  of  cruising  speed 
flight  under  conditions  cr  icrnj  with  switched  off  system  at  tb*- 
height/altitude  of  400C  m  was  40  Km/h  according  to  instrument.  On 
aircraft  of  An- 10  deceleration  according  to  instrument  was  even  m 
noticeable  and  it  was  50-oU  Km/a  at  the  height/altitude  of  1000  rr 
during  the  stable  operation  cf  engine.  It  is  characteristic  that 
both  cases  occurred  the  icing  of  tne  first  form  with  the  large  zo 
of  the  propagation  of  ice  along  cncrd,  moreover  the  thicknesses  o 
ice  on  the  aircraft  or  li-ld  at  was  altogether  only  12  mm,  and  on 
aircraft  An-10-20  mm  (on  stanaaru  indicator).  Analogous  results  w 
obtained,  also,  on  the  aircraft  oi  Tu-124  and  An-24.  Cn  the  aircr 
of  Tu-124  with  deposit  cn  wing  ana  tail  assembly  of  uneven 
semitransparent  ice,  clcse  to  tn<*  rirst  form  (by  thickness  on 
indicator  10-12  mm),  indicated  airspeed  decreased  from  150  to  300 
kra/h.  Flight  was  accom pi isnea  at  the  height/altitude  of  2000  m  at 
temperature  of  surrounding  air  or  -5°c  with  switched  off  de-icing 
system.  The  width  of  tht  capture/grip  of  ice  cn  wing  and  tail 
assembly  was  within  the  limits  ci  100-200  mm. 
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second  circle  (icing  of  tne  ruat  form;  the  thickness  of  ice  cn 
standard  indicator  70-75  urn) .  1  -  noniced  aircraft,  2  -  iced  ov-r 
aircraft  in  working  de-icing  system.  A  -  moment/tor que  of  the  giving 
of  the  gas;  ~  ~  moment/tor que  of  landing  gear  retracting;  >- 
mcment/torque  of  retraction  cr  naps. 

Key;  ( 1 ) .  s . 
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Obvious,  however,  is  tne  fact  that  deceleration  to  50  km/h  for 
an  aircraft  of  the  type  cr  Tu-124  aoes  not  have  this  threatening 
value  as,  let  us  say,  fci  an  aircraft  Li-2  with  its  lew  power  reset v- 
and  small  speed  range,  k urtnermcre,  one  should  consider  that  the 


de-icip  i  systems  of  aircraft  with  gas  turbine  engines  as  a  whole  a 
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considerably  more  effective  tnan  tne  systems  of  piston  aircraft. 


For  the  aircraft,  equipped  oy  cyclically  de-icing  system,  is  cr 
interest  the  determination  ot  permissible  rate  of  icing  in  the 
period,  when  system  is  temporarily  switched  off.  Mas  obtained  for 
several  aircraft  types  senes/rcw  the  carves,  showing  in  the  various 
forms  of  icing  a  change  la  tne  rate  of  level  flight  in  dependence  cr. 
the  thickness  of  ice  on  standard  indicator. 


Curves  are  constructed  according  to  the  data,  obtained  on 
aircraft  Li-2,  11-12,  11-14,  ii-la,  An-10,  An-24,  Tu-124  and  are 
related  to  the  conditions  tor  cruise  at  the  height/altitude  cf 
2000-4000  m  during  the  stable  operation  of  engine  with  the  switched 
off  de-icing  system  of  wing  ana  tail  assembly  (Fig.  4.10). 


The  curves  I  and  II  are  obtained  respectively  for  the  first  an! 
second  forms  of  icing  ana  are  tne  envelopes,  which  limit  the  reyicr. 
of  the  lines  which  are  related  to  the  icing  cf  intermediate  form. 
Dotted  line  for  an  example  showed  the  curves,  which  relate  to  the 
specific  cases  of  the  icing  of  different  aircraft. 


The  given  dependences  show  tnat  a  decrease  in  the  velocity 
occurs  most  sharply  in  the  initial  period  of  icing,  subsequently  an 
increase  of  the  thickness  or  ice  in  smaller  measure  affects  rate 
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change.  This  can  be  explained  by  the  fact  that  the  icing  already  at 
the  very  beginning  (witn  tue  tnic*ness  of  ice  15-20  ma)  qualitatively 
changes  the  character  or  tne  ricw  around  profile/airfoil,  sharply 
making  aerodynamic  characteristics  worse.  Further  increase  of  ice  is 
no  longer  introduced  suostautiai  changes  into  flew  pattern,  causing 
ever  slower  decrease  in  tne  vsiccity. 
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Pig.  4. 10.  Dependence  ci  the  rate  of  level  flight  on  the  thickness  c 
ice  Lr«  on  standard  indxcator  in  snitched  off  de-icing  system.  I  - 
icing  of  the  first  form,  lx  -  icing  of  the  second  form. 

Page  218. 

Curves  characterize  rate  cnaoge  with  the  simultaneous  icing 
completely  of  wing  and  tail  assemoxy.  The  photograph  of  the  iced  cv= 
wing  is  given  in  Fig.  4.11.  in  tne  examination  cf  the  work  of  cyclic 
deicer,  of  course,  it  is  necessary  to  consider  that  the  shielded 
sections  of  wing  and  tail  asseumlj  will  undergo  icing  not 
simultaneously.  This  considerably  decreases  the  effect  of  icing  on 
rate  change. 

An  increase  in  the  drag  of  aircraft  as  a  result  of  icing  leads 
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to  a  considerable  increase  in  nloaeter  consumption  of 
fuel/propellant  and  reduces  respectively  flying  range.  For  example, 
for  the  aircraft  of  11-14  reduction/descent  as  a  result  of  the  icin? 
of  cruising  speed  for  30-40  ka/h  causes  an  increase  in  the 
per-kilometer  expenditure/consuaption  by  15-20o/o.  But  if  we  for 
retaining/preser  ving/maintaimug  given  speed  increase  engine  power 
rating,  then  fuel  consumption  per  kilometer  will  increase  by 
4O-SO0/0. 

Special  inportance  has  icing  to  controllability  and  stability  o 
aircraft. 

Fig,  4.12  gives  the  giapn,  wmch  characterizes  the  longitudinal 
static  stability  of  the  aircraft  ot  11-12  in  the  case  of 
foraation/education  cn  the  staoiiizer  of  ice  (close  to  the  second 
fora)  in  thickness  approximated. y  JO  am.  kith  this  icing  longitudinal 
static  stability  noticeably  deteriorates,  and  in  the  climb  at  low 
speeds  balancing  curve  nas  a  region  of  the  static  instaoility.  It  is 
characteristic  that  with  the  thicxuess  of  ice  of  lass  than  20  mm  th» 
longitudinal  static  stability  cnauges  in  comparison  with  noniced 
aircraft  insignificantly. 


Ice  accumulation  on  wing  and  tail  assembly  can  cause  impairm-r.^ 
of  the  control  effectiveness.  For  example,  for  the  aircraft  of  Il-lu 
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foraation/education  on  the  wing  ox  ice  in  thickness  more  than  40  rom 
leads  to  the  fact  that  tne  aircraft  begins  to  react  to  the  aileron 
deflections  with  considerable  delay.  Is  possible  the  icing  also  of 
very  controls  (Pig.  4.13). 


1 

\ 

f 

I 


Fig.  4.11.  Ice  foraatioo  on  the  wing  of  the  aircraft  of  1 1-1  a  in 

switched  off  de-icing  system. 

Page  219. 

The  effect  of  iciny  oa  aircraft  handling  is  different  in 
different  flight  conditicus.  Icing  of  one  and  the  same  form  an.i  c: 
and  the  same  of  thickness  in  level  flight  can  not  exert  the 
perceptible  effect,  but  in  tne  period  of  landing  approach  in  tlign 
at  low  speeds  it  is  essential  to  xower  the  control  ef fecti ven-ss. 

Let  us  examine  in  somewhat  more  detail  the  effect  of  the  icin 
of  the  tail  assembly  on  tae  behavior  of  contemporary  aircraft  i:i 
prelanding  mode/cond it icns,  i.t.,  in  this  staqe  of  the  flight,  wh  - 
deterioration  in  the  stability  characteristics  and  controllability 


DOC  =  79116211  P AGt  4*< 

especially  dangerous. 

The  ice  built-up  edge,  tnu.cn  is  formed  on  the  leading  edg<=-  of  a r. 
airfoil  profile  of  stabilizer,  can  significantly  decrease  the 
critical  angle  of  attack  or  horizontal  tail  assembly.  The  decrease- 
will  be  different  depending  on  rorm  and  thickness  of  ice  built-up 
edge.  Because  of  this  it  is  necessary  to  have  data  on  reserve  with 
respect  to  the  critical  angle  ot  attack  of  horizontal  tail  assembly 
in  the  mode/conditions  cl  landing  approach  in  the  case  of  possible 
ice  formation  in  the  case  of  tne  railure  of  de-icing  system  or  its 
ineffective  work. 

As  is  known,  the  wing  or  aircraft,  reflecting  air  down,  charges 
its  direction  in  the  field  or  ncrizontal  tail  assembly,  creates  +.hc 
so-called  downwash  whose  value  directly  depends  on  the  lift 
coefficient  of  wing.  Is  tne  aore  c’>  wing,  the  greater  the  dcwnwasl. 
angle.  Downwash  in  horizcutal  strut  tail  assembly  is  various  for 
different  airplane  configurations:  the  above  arranged/located 
horizontal  tail  assembly,  tne  less  the  downwash  angle,  which  flows 
around  about  the  stabilizer. 
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Pig.  4.12.  Balancing  curves  or  tae  noniced  (1)  and  iced  over  (2) 
aircraft  in  the  case  of  fomaticn/feducation  on  the  stabilizer  of  ic^ 
in  thickness  approximately  JU  ium.  l  -  climb;  II  -  reduction/desc  >n  t  . 


Key ;  ( 1)  .  km/h . 
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The  special  fea  ture/peculianty  of  contemporary  aircraft  is  th*- 
power  ful/thick  high- lift  aevice  or  wing,  consequence  by  which  i.s  a 
considerable  additional  increase  in  the  wing  downwash.  In  Fig.  4.14 
it  is  schematically  shewn  that  the  downwash  leads  to  increase  of  tru 
angle  of  attack  horizontal  tan  assembly  it  werks  on  negative  ones 
angles  of  attack. 
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On  aircraft  with  turooprop  engines  supplementary  adverse  effect 
fro*  this  point  of  view  can  exert  the  use  of  the  increased  installed 
power,  which  leads,  as  a  result  or  the  amplification  of  the  airflow 
of  screws/propellers,  tc  an  increase  in  the  wing  downwash  and, 
therefore,  to  further  increase  m  the  negative  angle  of  attack  of 
horizontal  tail  assembly. 

With  the  work  of  horizontal  tail  assembly  on  the  angles  cf 
attack,  close  to  critical,  can  arise  sufficiently  serious  changes  in 
the  stability  characteristics  ana  aircraft  handling,  first  of  all  - 
in  stability  with  respect  to  g-torce. 

It  is  logical  that  tue  phenomena  indicated  can  be  observed  only 
with  the  insufficient  effectiveness  of  de-icing  system  (or  in  the- 
case  of  its  failure) ,  vatu  ice  rormation  on  the  leading  edge  cf 
stabilizer  leads  to  the  decrease  or  the  critical  angle  of  attack  of 
horizontal  tail  assembly. 

The  study  of  the  ertect  oi  icing  on  the  characteristics  of 
longitudinal  stability  ana  controllability  was  carried  out  on  t.hr'  = 
types  of  specially  equipped  turbojet  aircraft  [19],  Plights  were 
fulfilled  under  conditions  logically  of  icing. 
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Fig.  4.  13.  Icing  of  aileron. 


Pa  ge  221. 

Dr.  s*  a  b  i  1  i  z  er  they  irctcaocU  *cs  o  l.  various  fern's  ar.  1  t  ho.c  k  .i p  s. 
switch  el  off  il®-  icing  system,  nit  e  t  ice  for  nation  o  -  i  n  >.6  n  •  *  ■  i 
the  aircraft  left  cloudine^  aitJ  at  safe  he  iq  ht /alt  it  ude  were 
determined  th?  characteristics  inuicated. 

For  obtaining  th?  cutancai!  g  carves  of  straight  flijht  w  *- 
fulfilled  the  1 ispersa ls/acc«r «r at  ions  and  trakings  with  ■  " 

jears  and  deflectel  flaps,  col i toyon d in g  to  their  position  lui 
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landing,  it  howled  establisnea/installed ,  that  the 

longitudinal-behavior  cnaracter iotics  by  the  rate  with  the  icing  of 
stabilizer  in  the  majority  ot  tne  cases  quantitatively  differ  littl 
from  analogous  characteristics  in  the  absence  of  icing.  However,  in 
certain  cases  was  fixed  tne  abearance  of  the  buffeting  of  hcriio:/  i 
tail  assembly  in  the  mcde/conuitions  of  dispersal/acceleraticr  with 
the  deflected  flaps. 

For  obtaining  the  Laiancing  curved  deflections  of  the  elevator 
and  efforts/forces  on  handwnecl  in  dependence  on  g-force  were  carri' 
out  the  deflections  ("giving")  or  elevator  "from  themselves"  in 
extended  gear  and  landing  position  of  flaps  in  the  range  of  the 
velocities,  corresponding  to  lanuing  approach,  an  example  of  this 
deflection  of  elevator  is  snown  in  Fig.  h.16,  where  is  given  chang 
in  the  time  of  some  parameters  or  the  axial  mcticn  of  aircraft,  whic 
characterize  its  stability  and  controllability.  As  is  known,  pilo- 
perceives  the  aircraft  control  oy  means  of  the  efforts/forces,  which 
appear  on  control  levers  witn  tne  execution  cf  cne  cr  the  ether 
maneuver.  The  important  criterion  of  controllability  and  stability  i 
value  ilP,/iinv,  which  characterizes  tne  value  cf  the  f  fort/force  on 
handwheel,  required  for  cnanging  tn°  g-force  per  unit. 


The  dependence  cf  re^uirea  et t orts/f orces  on  handwheel  on 
g-force  usually  bears  almost  linear  character  (to  a  definite  limit). 
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For  the  creation  of  large  iii  magnitude  g-force  are  required  la 
efforts/forces  on  handwceax. 
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Fig.  4.14.  Effect  of  ving  dowuwasn  on  an  increase  in  the  true  an  j 
of  attack  of  horizontal  tail  assetucly. 

downwash  angle,  tue  true  angle  of  attack  of  horizo 

tail  assembly,  'v.o  the  angle  or  attack  of  horizontal  tail  ass--  i 
in  the  absence  of  downwasa,  1  -  direction  of  the  undisturbed  fi 

Page  222. 

Experiments  showed  tnat  witn  ice  formation  on  stabilizer 
possibly  sharply  a  charge  in  tne  « f f orts/f or ces  or  handwheel  in 
comparison  with  the  noniced  aircraft.  At  the  specific  sizes  of  th 
g-  force  derivative  dPJdnv  oecoaes  equal  to  zero  an!  even  acquit' s 
negative  sign. 

Fig.  4,16  and  4,17  giv«  as  au  example  the  results  of  deter  ir, i 
longitudinal-behavior  cnaracter istics  with  the  icing  of  stabilize 
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for  two  types  of  turboprop  ducrait  1  (with  four  engines). 

FOOTNOTE  1 .  Experiments  are  cameu  out  by  the  author  together  with 
engineers  A-  A.  Bondarenko  and  A.  a.  Ivanov.  ENDFOOTNOTE. 

As  can  be  seen  from  Fig.  4.1 o,  wrtn  formation/education  on  the 
nose/leading  edge  of  the  aiauiirzei  of  tapered  ice  built-up  edg*  ( i r 
thickness  approximately  a  mm  and  Width  of  20-25  mm)  required 
efforts/forces  on  handwheel  are  considerably  decreased,  When  ny= 0,65 
derivative  dPJdny =0,  while  with  further  decrease  cf  g-force  is  a 
tendency  toward  the  disappearance  of  efforts/forces  on  handwheel. 

The  decrease  of  ef f crts/rorces  on  handwheel  with  icing  depends 
on  a  change  in  the  hinge  moments  as  a  result  of  redistribution  of 
pressure  on  horizontal  tail  assswuly,  which,  in  turn,  is  caused  by 
the  appearance  of  local  liow  separations  on  the  lower  surface  of 
stabilizer.  With  acccm plisning  or  experiment  cn  this  aircraft  on 
leaving  g-forces  less  tnan  0.7,  appeared  the  considerable  buffeting 
of  horizontal  tail  assembly,  woicu  also  testified  about 
approximation/approach  ur.u  to  critical  value.  With  the  icing  cf 
stabilizer  characteristic  is  tne  fact  that  ever,  ice  of  small 
thickness  represents  danger.  Uuaer  conditions  of  intense  icing  ic>' 
built-up  edge  in  8  mm  can  ne  rormeu  during  3-h  min.  This  is  shown, 
how  inadmissibly  any  a  aelay  or  tne  start  of  de-icing  system. 


■ 
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Fig.  4.17  gives  analogous  graph  for  another  aircraft  type,  th-- 
thickness  of  ice  on  stabilizer  was  20-25  mm,  the  width  of  60-70  mr . 
in  contrast  to  the  precediug/previous  graph  where  the  curve  cf 
efforts/forces  with  the  icea  over  stabilizer  is  smoothly  defl=c*-j 
ott  by  the  curve  of  the  noniceu  aircraft,  we  see  that  ice  formation 
of  the  sizes/dimensicns  indicated  and  form  led  to  a  sharp  gualit  a*  i  v<- 
change  in  the  longitud inal-neha vior  characteristics  with  respect  "re 
g-force.  Curve  "with  ice"  coincides  with  curve  "without  ice"  up  to 
g-force  0.5.  However,  witn  g-rorces  less  than  0.5,  ef f orts/f ctc^s  cn 


handwheel  sharply  are  reauc=a,  and  when  - 


they  reacn  zero.  This 


character  of  the  sudden  and  snarp  decrease  of  efforts/forces  on 
handwheel  with  landing  approacn  is  the  very  undesirable  phenomenon 
and  indicates  that  the  conditions  tor  the  flew  around  horizontal  tail 
assembly  with  approximation/approach  to  critical  angle  of  attack 
change  in  this  case  considerably  acre  rapidly  and  it  is  sharper  than 
in  preceding/previous. 


As  it  was  noted  above,  downwash  in  the  region  of  horizontal  tail 
assembly  is  directly  connected  with  the  flap  angle. 


f7*'‘  '*■  -1 
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Fig.  4.15. 
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Fig.  4.16. 


Fig.  4.15.  change  in  tiae  of  speeu  vCB,  elevator  angle  of 
effort/force  on  handwheel  P.  of  vertical  g-force  and  angular 
velocity  o>.  upon  elevator  input  under  the  conditions  of  pre- landing 
glide  with  icing  of  stamiizer  ot  aircraft. 
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Key:  (1).  ka/h.  (2).  Time  in  s.  ti) .  Backstop.  (4).  kgf. 

Fig.  4.16.  change  in  longitudinal  stability  with  respect  to  g-forc:- 
for  turboprop  four-engine  aircrart  during  deposit  on  stabilizer  of 
ice  with  a  thickness  of  a  una.  The  flap  deflection  corresponds  to 
their  position  in  landing.  Flight  speed  and  ergine  power  rating 
correspond  to  landing  approach. 

Key:  (1).  kgf.  (2).  without  ice.  (j)  .  with  ice. 

Page  224. 

Fig.  4.18  depicts  a  change  in  longitudinal  stability  in  g-force  for 
an  aircraft  with  two  turboprop  engines  with  the  icing  ot  statilizcr 
at  different  flap  angles  or  1b°,  ju°  and  40°. 

Most  sharply  the  ettect  or  icing  is  developed  with  the  flaps, 
deflected  on  40°.  In  this  case  upon  reaching  the  g-forces  of  0.5S 
efforts/forces  on  handwheel  disappear,  and  with  further  decrease  of 
g-force  they  acquire  negative  value.  With  the  flaps,  deflected  on 
30°,  the  icing  of  stabilise!  exerts  smaller,  but  nevertheless  serious 
effect  on  the  longitudinal  staointy  of  aircraft.  And  only  with  the 
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flaps,  deflected  on  15°,  the  dependence  of  required  ef f orts/f crces  o 
handwheel  on  g-force  carries  almost  linear  character,  up  to  the  size 
of  the  g-force  0.3-0. 4  effect  or  icing  virtually  is  not  perceived. 
This  however  does  not  mean  that  with  larger  than  15  mm  to  the 
thickness  of  the  ice  built-up  edge  of  stability  characteristic  cannc 
considerably  deteriorate,  also,  with  the  flaps,  deflected  on  15°. 

Characteristic  for  this  aircraft  type  was  the  fact  that  ice  of 
tapered  form  exerted  smaller  influence  on  longitudinal- behavior 
characteristics. 


DOC 


79116211 


PAGE  50? 


Fig.  4.17.  Change  in  longitudinal  stability  with  respect  to  g-forc 
for  aircraft  with  four  turbojet  engines  with  icing  of  stabilizer. 
(Flap  deflection  corresponds  to  tueir  position  in  landing.  Flight 
speed  and  engine  power  rating  correspond  to  landing  approach). 

Key:  (1).  kgf.  (2).  witncut  ice.  (J)  .  with  ice. 


Pig.  4.18.  Change  in  longitudinal  stability  with  respect  to  g-forc 
for  aircraft  with  two  turboprop  engines  with  icing  of  stabilizer 
(flight  speed  and  engine  power  rating  correspond  to  landing 
approach).  1  -  flaps  are  deflected  on  15°,  2  -  flaps  are  defl=ct«=>d 
30°,  1  -  flaps  are  deflected  on  40°. 
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Page  225. 

Longitudinal-behavior  cuacacteristics  were  determined  also  with 
the  formation  of  "barrier"  ice  on  stabilizer.  In  particular  with  :h: 
thickness  of  "barrier"  ice  alter  warmed  by  zone  n  of  the  upper 
surface  of  nose/leading  edge  or  approximately  7  mm  1  (see  Fig.  i.d9) 
ware  obtained  longitud inai-nena vior  characteristics  in  the 
mode/conditions  of  landing  approacn,  which  proved  to  be  satisfactory 
with  certain  tendency  toward  tue  decrease  of  longitudinal  stability 
level  with  respect  to  g-force  on  low  ones  c«- 

FOOTNOTE  *.  On  the  lower  surface  of  the  nose/leading  edge  of 
stabilizer  the  thickness  or  Darner  ice  was  somewhat  less. 
ENDFOOTNOTE. 

Apparently,  ice  accumulation  on  tu«  boundary  of  the  warmed  zone  of 
the  nose/leading  edge  cr  staorlizer  in  principle  has  smaller  effect 
than  the  formation/e ducatron  or  ice  buildup  directly  on  leading  edge. 
However,  one  should  expect  tnat  the  formation  of  ice  deposits  cn  th- 
lower  surface  of  stabilizer  at  a  great  distance  from  nose/leading 
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edge  can  prove  to  be  dangerous,  i’ms  f or mation/education  is  possible 
with  strong  the  spreading  or  tne  settling  water. 

The  given  materials  it  snows  that  with  an  increase  in  the 
negative  angle  of  attacx  or  horizontal  tail  asseably  the  ice  built-ut 
edge,  which  was  being  formed  on  tno  leading  edge  of  stabilizer,  car 
lead  to  an  abrupt  change  in  the  character  of  the  flew  around 
stabilizer  in  comparison  witn  noniced. 

Although  under  the  normal  conditions  for  operation  the  output  ct 
aircraft  on  overload,  ccnsideracly  smaller  unity,  is  very  little 
probable  however  there  are  some  roilowing  supplementary  factors, 
which  can  contribute  to  tne  approximation/approach  of  the  angle-  of 
attack  of  horizontal  taxi  assemniy  to  critical.  Above  has  already 
been  mentioned  about  this  adverse  moment/torgue  as  increased  engine 
power  rating.  The  significant  role  can  also  play  an  increase  in  the 
velocity  with  landing  approacn  over  that  recommended.  With  an 
increase  in  the  velocity  of  liignt  of  aircraft  is  decreased  the  angle 
of  attack  of  wing,  which  leads  to  an  increase  in  the  negative  angle 
of  attack  of  horizontal  tair  assembly.  Adverse  from  this  point  of 
view  is  the  light  gross  kaigat  or  aircraft.  Thus,  tc  pilot  it  is 
necessary  to  consider  tnat  all  factors  which  in  prelanding  flight 
conditions  one  way  or  another  can  lead  to  an  increase  in  the  negative 
angle  of  attack  of  horizontal  taxi  assembly,  play  negative  role.  Th^y 
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include:  the  extension  ot  Hap;*  on  the  large  angle,  the  increase  is 
engine  power  rating  (especially  a verage/mean  for  an  aircraft  with 
four  engines),  an  increase  in  tae  velocity  with  landing  approach, 
light  gross  weight,  turxulence  ana  sharp  piloting,  which  can  laa  1  to 
the  creation  of  consideraoie  g-xorces. 


It  is  necessary  to  again  emphasize  that  all  given  graphs  arf 
related  to  the  case  of  switched  uti  de-icing  system  and,  therefor^-, 
under  actual  conditions  can  De  examined  as  failure  the  systems  or  its 
overdue  start.  Upon  the  overdue  inclusion  of  system  under  conditions 
of  icing  occur  the  individual  cases  of  decreasing  the  efforts/forces 
on  handwheel  and  the  Hpec*sM  ot  aircraft  in  prelanding 
mode/conditions. 


Page  226. 


Pilot  must  remember  that  ir  witn  reduction/descent  one  must  break 
clouds  under  conditions  cr  possible  icing,  de-icing  system  should  I  * 
included  in  advance.  After  the  inclusion  of  system  it  is  necessary  tc 
be  convinced  of  its  normal  operation. 


Landing  approach  under  conditions  of  icing  with  the  refused 
de-icing  system  of  the  tail  asseaoly  one  should  execute  with  th« 
incomplete  flap  deflection  or,  ii  are  allowed  the  sizes/dimensior.s  ol 
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airfield,  with  the  retractea  flaps,  in  this  case  the  pilot  must  r.o- 
allow/assume  th®  sharp  piloting  anu  the  onset  of  considerable 
negative  g-forces. 


Another  question  fcr  piston  and  turboprop  aircraft  is  the  eft'-.ct 
of  the  icing  of  propeller  clades.  in  each  specific  case  it  is 
necessary  to  establish/instali,  to  what  extent  can  ice  formation  of 
one  or  the  other  thickness  on  biades/vanes  impair  the  propeller 
efficiency.  For  the  illustration  01  this  effect  is  given  the  graph  ir; 
Fig.  4.19,  where  is  shewn  a  cnange  in  the  vertical  velocities  cf 
aircraft  in  one  and  the  same  conditions  cf  icing.  The  determination 
of  rate  of  climb  was  prcouced  oy  ice  formation,  close  to  second  form, 
by  thickness  on  standard  indicator  40  mo. 


As  can  be  seen  from  graph,  cue  rate  of  climb  of  aircraft 
descends  with  the  icing  of  ulaues/vanes  very  considerably. 


It  should  be  noted  that  ror  uifferent  aircraft  types  and 
propellers  the  effect  cf  the  icing  of  blades/vanes  on  the  prop-ill^: 
efficiency  can  be  different;  ror  some  aircraft  the  decrease  cf 
efficiency  can  reach  the  value  cl  order  15o/o  and  more,  but  fer 
others  -  it  is  incomparably  less,  ror  example,  for  the  aircraft  of 
11-12  was  revealed  that  deicer  ror  protection  from  the  icing  cf 
propellers  virtually  it  is  not  required. 
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160  ISO  200  220  Vf  ww/wr 

Fig.  4.19.  The  vertical  velocities  of  the  iced  ever  aircraft  wit  ft 
noniced  blades/vanes  (curve  1)  ur  propeller  and  with  the  iced  over 
blades/vanes  (curve  2)  (lciny.  ciose  to  the  second  form.  Thickness  of 
ice  on  standard  indicator  40  am). 


\ 


Key:  (1).  n/s.  (2).  ka/h 
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Chapter  V. 

INFORMATION  ABOUT  THE  TtSTS  OF  AIRCRAFT  AND  HELICOPTERS  UNDER 
CONDITIONS  OF  ICING. 

After  development  and  creation  of  de-icing  system  arises  the 
question,  by  what  methcus  and  unuer  what  conditions  must  he 
established/installed  the  suitability  of  this  system  and  this 
aircraft  (helicopter)  to  operation  under  conditions  of  icing. 

For  all  flight  vehicles,  permitted  to  IF R  flights,  must  be 
established/installed:  a)  now  errectively  operates  the  de-icing 

i 

system;  b)  the  how  possible  street  of  icing  on  the  flight  of  aircraft 
(helicopter)  in  the  case  or  tne  railure  of  system. 

In  the  first  case  it  io  necessary  to  determine,  is  provided 
•jettisoning  ice  or  prevention  oi  its  formation/education  under  the 
design  conditions  of  icinj,  uo«s  allow/assume  de-icing  system  any  id. 
accumulations,  are  such  its  ^ossiuie  maximum  f ormation/educatior.s 
under  most  adverse  conditions  auu  what  this  can  influence  behavior  of 
aircraft,  in  this  case  t  eUi«^  anses  the  question  about  the  eff'c- 
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of  "barrier"  ice,  which  13  rorweu  oeyond  the  limits  of  heating 
surface,  or  "cyclic"  ice,  i.e.,  ice  which  in  cyclic  systems 
periodically  appears  in  cue  or  ta«  other  section  of  the  shielded 
surface  with  the  temporary/tiiae  disconnection  of  the  heatinq  of 
section. 


In  the  second  case  it  is  necessary  to  establish  wnat  happers 
with  aircraft  under  conditions  or  iciny  in  different  flight 
conditions  in  the  case  cr  tne  lanure  of  de-icing  system  and  what  m 
this  case  recommendations  must  re  given  to  pilot.  For  a  cont  =  m per  : :: > 
aircraft,  in  the  first  place,  attention  must  he  turned  to  the  *- f :  c: 
of  icing  on  the  characteristics  ot  stability  and  controllability 
to  the  operation  of  power  plants. 

There  are  several  metnous  or  solviny  the  presented  questions. 

The  determination  ct  tue  a  tractive  ness  of  de-icing  system  car  b -- 
performed  by  measuring  tii«  ttieimax  characteristics  of  system, 
(temperature  drops)  during  tlignts  in  "dry"  air  (out  of  clouds),  by 
tests  in  the  artificially  created  icing  and  finally  by  conducting  r 
flights  under  conditiors  or  natural  icing. 
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It  is  obvious  that  n  trie  nest  method  gave  the  confident 
solution  of  task,  would  oe  eliminated  need  in  two  others.  Howev. 
is  shown  experiment,  up  to  now  tn  =  method  of  temperature  drops  i 
not  give  the  completely  rename  evaluation  cf  de-icing  system  \ 
was  only  the  preliminary  stage,  necessary,  hut  insufficient. 

It  should  be  nofed  tuat  uie  method  of  temperature  drops, 
naturally,  let  us  use  only  ror  tnermal  systems.  Thi  measurement 
temperature  drops  on  heating  suitace  of  wing,  tail  assemoly  am 
parts  is  produced  in  the  majority  of  the  cas=>s  with  the  aia  ct 
thermocouples  or  flat/piane  resistance  thermometers,  stuck  on 
sk in/sheathing.  The  methca  or  tne  ^atch  of  thermometers  plays  th 
significant  role  in  the  precision/accuracy  cf  measurraents.  The 
recording  of  temperatures  rs  prcauced  by  the  chart  recorders, 
providing  the  possibility  or  tne  simultaneous  recording  of  a  lar 
number  of  parameters  (quantity  oi  points,  at  which  is  measured  * 
temperature,  it  usually  leaches  nundred) . 

Tests  of  de-icing  systems  on  the  flying  laboratories  which 
imitate  icing  by  pulverizing  water,  has  the  series/row  of  the 
advantages,  most  important  of  wmeu  are  the  pcssibili  +  y  of 
preliminary  test  of  the  elements  of  new  de-icing  system  even  *-0 
termination  of  the  construction  or  the  first  experiment  aircrar* 
also  the  possibility  of  designing  of  the  conditions  icing,  which 
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correspond  to  calculations.  i'u=  latter  is  especially  important.  T 
method  widely  is  appliea  in  Indiana,  USA,  Canada  and  other  ccuntr 
Its  shortcoming  is  the  race  tnat  at  the  imitation  of  icing  it  is 
reached  complete  agreement  or  tne  obtained  forms  and  forms  of  ir.-r- 
thosa  which  are  encounteieu  z  acual  conditions.  Furthermore,  in*-* 
does  not  make  it  possible  to  cnecic  de-icing  system  as  a  whole  it. 
form,  in  which  it  must  te  estamisoed/installed  cn  production 
aircraft.  However,  taking  into  account  the  positive  aspects  of  th 
method,  it  is  necessary  to  recommend  its  wider  use/application. 


Fig.  5.1  shows  the  appearance  of  the  laboratory  aircraft  on 
which  is  established /i  r.staiied  tn«  engine,  which  passes  tests  ur.  • 
conditions  of  artificial  icing,  aetore  the  engine  are  installed 
injectors  for  the  atomization  of  water.  In  Fig.  5.2,  borrowed  fro 
work  [31],  is  shown  the  icing  of  power  plant,  obtained  artificial 
at  water  content  of  clouds  1.9  g/mJ  and  temperature  of  surrounair 
air  of  -20°C.  Sometimes  tests  in  artificial  icing  are  conducted  n 
on  the  special  flying  laboratories,  but  by  the  setting  up  of  the 
system  of  the  atomization  or  water  directly  on  the  e xperience/tes 
aircraft  as  that  it  is  showu  in  Fig.  5.3,  undertaken  from  the  nan. 
work. 
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At  international  conference  in  1962  on  the  problem  of  fadir  j 
was  communicated  [52]  arcut  interesting  experiments  of  trie  imitat 
of  the  conditions  of  icing  vua  trie  aid  of  the  special 
aircraf t-tanker ,  in  tail  section  or  which  is  arranged/located  the 
spattering  device/equi  pneiit  (t’lj.  o,4)..  This  aircraft-tanker, 
completing  flight  in  frcnt  of  tne  experience/tested  aircraft,  via 
atomization  creates  the  cloud  or  tne  supercooled  drops  of  the 
prescribed/assigned  concentration  and  sizes/dimensions.  The  great 
difficulty  during  the  use/appncation  of  this  method  is  the  need 
strict  maintaining  of  tne  uistacce  between  twc  aircraft  and  the 
complexity  of  accomplisnin^  Uc  paired  flignt. 
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Fig.  5.1.  Plying  testing  laboratory  of  de-icing  systems  un 
conditions  of  artiricial  j.cing. 


Fig.  5.2.  testing  power  plant  unuer  conditions  of  artificial 


Fig.  5.1.  Setting  up  of  system  cx.  dtonizat  ion  on  ex  per  i  sncv/t 


aircraft. 
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Page  231. 

This  aethod  can  be  used  also  for  the  initation  of  rain  and 
crystal  icing. 

Especially  high  value  has  the  initation  of  icing  for  the 
helicopters  whose  tests  in  natural  icing  are  connected  with  risk  and 
great  difficulties.  In  Fig.  5.5  is  given  the  photograph,  which 
illustrates  the  flight  of  helicopter  artificially  created  cloud. 

For  the  tests  of  the  instruments  of  certain  equipment  and 
snail-size  sections  of  deicers,  frequently  are  applied  wind  tunnels. 
Diagran  of  on9  of  such  tubes  is  shown  in  Fig.  5.6  [44]. 

Tests  in  natural  icing  as  any  checking  under  actual  conditions, 
are  the  best  and  most  reliable  method  of  determining  the 
effectiveness  of  the  deicers  of  aircraft.  However,  this  method  is 
connected  with  the  consideranle  difficulties,  caused  by  the  search  of 
such  conditions  of  the  icing  with  which  must  be  tested  the  de-icing 
system.  As  is  shown  experiment,  for  obtaining  the  sufficiently 
reliable  evaluation  of  the  effectiveness  of  de-icing  system  during 
tests  under  conditions  of  natural  icing  is  required  flight  time  in 
space  froa  30  to  60  komr. 
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Pig.  5.5.  Installation  for  testiug  the  helicopters  under  conditions 
of  artificial  icing. 

Page  232. 

The  statistical  material,  given  in  Fig.  2.7  and  2.8,  lakes  it 
possible  to  propose  Table  1b. 

Data  given  in  table  are  close  to  90-95o/o  quantiles  of  relative 
icing  intensity.  Despite  tnt  fact  that  these  data  are  understated  in 
comparison  with  those  conditions  of  the  icing  to  which  must  be 
designed  the  de-icing  system,  experiment  shows  that  the  15-iinute 
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flight  under  conditions,  which  correspond  to  table.  Bakes  it  possible 
to  sufficiently  reliably  rate/estiaate  the  effectiveness  of  deicing 
equipment. 

The  conditions  of  natural  icing,  given  in  table,  are  sore  are 
clearly  demonstrated  on  graph  (Pxy,  5.7),  where  for  an  exaaple  is 
plotted/applied  also  the  curve  of  the  velocity  of  the  increase  of  ice 
on  standard  indicator  in  aa/ain  at  true  airspeed  of  aircraft  500 


Pig.  5.6.  Viad  tunnel  for  tests  under  conditions  of  artificial  icing. 

1  -  injecting  injectors,  l  -  fan,  i  -  cooling  device,  4  -  test 
speciaen. 


Table  16.  The  standard  conditions  of  natural  icing  for  the  tests  of 


deicing  systea  *. 


POOTIOTB  ».  analogous  table  -as  recoaaended  by  the  author  earlier  in 

work  [18];  however,  the  data  given  in  it,  as  showed  later  analysis, 
required  certain  refineaent.  OOTNOTE. 
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ley:  (1).  Teaperature  of  sarrouadiag  air  of  °C.  (2).  Relative  icing 
intensity  of  indicator  in  aa/tn.  (J) .  Tine  of  continuous 
deteraination  of  aircraft  under  conditions  of  icing  ain.  (4) .  and 


aore.  (5) .  it  is  not  less  than  15  ain. 
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Page  233. 

Curve  shows,  for  example,  that  for  the  evaluation  of  de-icing  system 
at  temperature  of  -15°,  tae  icing  intensity  nust  be  not  less  than  2 
■■/■in. 

It  is  necessary  to  renemner  that  the  tests  of  de-icing  systea 
under  conditions  of  natural  icing  aust  be  carried  out  with  the 
foraation/education  of  two  fundaaental  foras  of  ice.  This  is 
connected  with  the  fact  that  for  the  operation  of  system  it  is  not 
uniaportant,  will  be  ice  foraed  in  the  narrow  or  wide  section  of  the 
leading  edge  of  an  airfoil  profile.  This  requirement  always  in  proper 
measure  is  not  considered.  While  conducting  of  tests  under  conditions 
of  natural  icing  considerable  difficulty  presents  the  precise 
measurement  of  the  teaperature  of  surrounding  air,  since  the  usual 
teaperature-sensing  devices  are  covered/coated  with  ice  and  give 
error  in  their  readings.  During  flights  under  conditions  of  icing  it 
is  necessary  for  measuring  the  teaperature  of  surrounding  air  to 
apply  the  special  shielded  theraometers. 

Response/answer  to  the  second  aspect  of  the  task  of  the 
deteraination  of  the  suitability  of  aircraft  to  flights  in  the  zones 
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of  icing  (in  the  case  of  the  failure  of  de-icing  system)  also  can  be 
obtained  by  several  net hods:  wind  tunnel  test,  flight  tests  with  the 
aock-ups  of  the  various  foras  of  ice  and  by  natural  condition  test  of 
icing.  The  first  two  nethods  aust  find  use  predominantly  on  the  early 
stages  of  creation  and  introduction  of  the  aircraft;  to  then  aust  be 
allotted  considerably  larger  attention,  than  this  now  occurs. 

Checking  under  conditions  of  the  natural  icing  of  the  effect  of  two 
fundaaental  foras  of  ice  on  aircraft  perforaance,  on  the  operation  of 
engines  is  the  necessary  final  stage.  Such  tests  are  rather 
coaplicated  and  require  large  experiaent  and  qualification  of 
experiaenters;  however,  they  are  completely  possible,  as  this  shows 
practice. 

The  procedure  of  the  flight  perforaance  test  of  aircraft  with 
the  icing  of  its  parts  (both  in  working  de-icing  systea  and  with  the 
iaitation  of  its  failure)  is  reduced  to  following.  Aircraft  coapletes 
flight  in  the  zone  of  icing  until  on  its  surface  is  formed  ice  of  the 
prescribed/assigned  fora  and  sizes/diae nsions.  If  is  placed  the  task 
of  determining  the  effect  of  icing  by  the  failure  of  de-icing  system, 
then  flight  is  accomplished  with  shut-off  deicers. 
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Pig.  5.7.  The  standard  conditions  of  natural  icing  during  the  tests 
of  de-icing  systea. 

Key:  (1).  aa/ain.  (2 }.  km/h. 

Page  234. 

If  it  is  necessary  to  rate/estiaate  the  effect  of  ice,  which  appears 
with  the  operation  of  systea,  flight  is  accoaplished  with  working 
deicers,  in  this  case  the  conditions  of  icing  (its  intensity, 
duration,  teaperature  of  surrounding  air)  aust  correspond  to  standard 
ones.  After  the  "set/dialiagM  of  ice  the  aircraft  leaves  the  zone  of 
icing  (as  a  rule,  upward)  and  at  safe  height/altitude  with  the 
specific  excess  above  the  upper  cloud  boundary  are  Bade  the  necessary 
aaneuvers  for  obtaining  one  or  the  other  characteristics.  The 
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difficulties  of  experiment  consist  in  the  searches  of  the  necessary 
conditions,  in  the  complexity  of  retaining/preserving/maintaining  the 
initial  form  and  the  sizes/diaensions  of  obtained  ice,  and  also 
frequently  in  the  impossioxlity  of  the  repetition  of  experiment  under 
identical  conditions. 
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Page  235. 

Chapter  71. 

GROOND-BASED  ICING. 

The  aircraft  icing  and  Helicopters  during  their  layover  on  the 
earth/ground  has  its  special  features/peculiarities. 

This  problem  also  prays  large  role  in  providing  of  flight 
safety;  however,  since  all  instructions  and  management/manuals  forbid 
taking  off  of  iced  over  aircraft,  ground -based  icing,  in  the  first 
place,  affects  the  regularity  of  air  traffic.  From  practice  are  known 
the  cases,  when  ground-based  icing  in  the  absence  of  the  effective 
coabat  aeans  with  this  phenoaeoon  delayed  for  a  prolonged  tine  the 
flights  of  aany  aircraft,  after  doing  large  daaage. 

The  nuaerous  and  diverse  foras  of  ground-based  icing  can  be 
coabined  into  three  basic  groups  £20]. 

The  first  group  includes  those,  that  are  foraed  as  a  result  of 
transition/transfer  (sublimation)  of  vapor  into  ice,  passing  liguid 
phase.  Here  enter  hoarfrost,  solid  (crystal)  raid  and  crystalline 
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frost.  Hoarfrost  appears  in  clear  calm  weather  on  the  surface  of  the 
objects/subjects,  cooled  by  tae  rauiation/eaission  of  heat  and  having 
lover,  than  air,  minus  teaperature.  Near  the  surface  of  object  the 
air  is  cooled,  and  the  water  vapor  containing  in  it,  after  achieving 
saturation  state,  is  converted  into  ice. 

Hoarfrost  can  be  foraed  with  any  negative  teaperature  and  with 
aost  varied  relative  air  humidity. 

Solid  (crystal)  deposit  appears  with  potentials  when  the  objects 
retain  lower  negative  teaperature  than  the  attached  wara  air  Basses 
of  air.  The  thickness  of  aard  riae  does  not  usually  exceed  several 
ailliaeters. 

The  crystalline  frcst  is  foraed  in  severe  frost  as  a  result  of 
the  supersaturation  of  air  by  water  vapor. 

All  three  aeans  of  snow-visible  deposits  are  fragile,  they  have 
low  density  and  they  can  be  coaparatively  easily  distant  from  the 
surface  of  aircraft. 

To  the  second  group  can  be  attributed  the  forns  of  icing, 
connected  with  the  presence  in  tae  atmosphere  of  supercooled  water. 

In  this  case  ice  is  foraed  as  a  result  of  crystallization  on  the 
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surface  of  the  aircraft  of  the  supercooled  drops  of  rain,  fog  or 
drizzle. 

Page  236. 

On  structure,  appearance,  color  the  icing  can  be  different:  from 
transparent  glassy  ice  to  snow-  white  deposit,  similar  to  hoarfrost. 
Difference  is  caused  by  the  fact  that  under  varied  conditions  the 
velocity  of  the  freezing  ot  drops  is  different.  If  temperature 
oscillates  in  liaits  of  0--5°C  (are  Known  the  cases  of  forming  the 
ice-covered  surface,  also,  at  temperatures  of  -10 — 14°C),  then  major 
drops,  freezing,  spread  over  body  surface  and  is  formed  transparent 
glassy  ice  (sleet) .  At  low  temperatures  small/fine  drops  freeze 
rapidly  and  it  is  formed  mat  or  white  ice.  The  smallest  drops  of  the 
supercooled  fog,  freezing,  form  the  granular  frost. 

The  ice  deposits  ot  the  second  group  considerably  more  durably 
are  engaged  with  the  surface  of  aircraft  than  sublimation,  and  they 
can  reach  large  sizes. 

To  the  third  group  can  Oe  attributed  all  forms  of  ground-based 
icing,  which  are  formed  as  a  result  of  freezing  on  the  surface  of  the 
aircraft  of  the  usual  nonsupercooled  water  (rain,  wet  snow,  deposited 
drops  of  fog,  the  condensate  of  water  vapors,  etc.) .  In  appearance 
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they  are  siailar  to  the  deposits*  in  referencing  the  first  two 
groups*  but  in  contrast  to  suoliaation  ice  solidly  they  are  linked 
with  the  surface  of  aircraft. 


Frequently  any  snow-visinie  ice  accuaulation  on  the  surface  of 
object/subject  erroneously  is  called  it  has.  This  can  lead  to  the 
incorrect  evaluation  of  adhesion  strength  of  ice  with  the  surface  of 
aircraft.  Never  one  should  rely  on  the  fact  that  any  fora  of 
ground-based  icing  there  will  ne  destroyed  as  a  result  of  the 
buffeting  of  aircraft  with  taxiing  or  under  the  action  of  air  flow. 


The  wing  profile  oi  the  aircraft  iced  over  on  the  ground  changes 
differently  fron  with  icing  in  air.  If  in  flight  ice  is  foraed  only 
on  the  frontal  aircraft  coaponents*  turned  to  the  incident  flow*  then 
on  the  earth/ground  it  covers/coats  the  large  part  of  the  surface  of 
aircraft  -  usually  entire  upper  part  of  the  winq  and  tail  asseably, 
and  also  surface  of  fuselage  (Fig.  6. 1) . 

The  special  feature/peculiarity  of  ground-based  icing  is  its 
dissyaaetry.  Frequently  the  wind  direction  does  not  coincide  with  the 
longitudinal  axis  of  aircraft,  in  this  case  icing  undergoes  that  side 
of  aircraft  which  is  turned  to  wind. 


With  takeoff  on  the  iced  over  aircraft  aain  danger  consists  in 
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the  onset  of  preaature  and  sharp  flow  separation  froa  wing.  Aircraft 
during  takeoff  in  the  beginning  of  the  clinb  is  piloted  at  high 
angles  of  attack,  flight  on  which  on  the  iced  over  aircraft 
represents  the  greatest  danger. 

As  is  known,  with  takeoff  the  noniced  aircraft  coapletes  run 
until  achievement  of  unstick  speed  ruJ1.,  when 

y_a=:C  — 

*  ’  1  y  orp  n  > 

■i he^e  Y  -  the 

G  -  weight  of  aircraft. 

Page  237. 

Usually  coefficient  cu ar„  is  less  to  15-20o/o. 

If  on  any  reasons  upon  reaching  1>ti>  coefficient  r  does  not 
achieve  value  cunrp  and  lift  will  be  lesser  than  the  weight  of 
aircraft,  then  for  its  increase  (as  this  follows  fron  foraula)  can  be 
used  two  paths:  further  increase  m  the  velocity  due  to  an  increase 
in  the  takeoff  run  length  or  increase  in  coefficient  cv  by 
transition/transfer  to  larger  angle  of  attack.  But  for  a 
takeoff/run-up  the  length  of  airfield  can  prove  to  be  insufficient, 
and  an  increase  in  the  angle  of  attack  to  its  critical  value  can  lead 
to  flow  separation  frow  wing. 
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noniced,  then  pilot,  completing  takeoff  at  the  angle  of  attack  of 
wing  u,JTp  end  seeing  that  the  aircraft  upon  reaching  of  usual  (for 
noniced)  unstick  speed  does  not  ta*e  off,  it  can  accelerate  the 
takeoff  of  aircraft,  after  taking  handwheel  for  itself,  after 
increasing  to  these  angle  of  attack.  In  this  case  necessary  value 
can  be  achieved/reached,  but  already  at  such  angle  of  attack, 
which  is  for  the  iced  over  aircraft  critical.  This  can  lead  to  the 
fact  that  if  the  aircraft  is  detached  away  fros  the  earth/ground, 
then  with' a  aost  insignificant  further  increase  in  the  angle  of 
attack  will  occur  overall  flow  separation  froa  wing  and  decrease 

But  if,  after  achieving  for  noniced  aircraft  pilot  it  will 
not  increase  angle  of  attack,  and  aircraft  it  will  continue  run  to 
the  large  velocity  (under  the  condition,  of  course,  that  the 
boundaries  of  airfield  sake  it  possible  this  to  sake) ,  then  aircraft 
can  be  detached  away  fros  the  earth/ground.  However,  this  yet  does 
not  aean  that  the  subseguent  stages  of  takeoff  will  be  travelled  by 
the  iced  over  aircraft  happily. 

An  increase  in  the  takeoff  run  length  of  the  iced  over  aircraft 
is  caused  nainly  by  an  increase  in  the  drag:  the  increase  of  runaway 
speed  will  occur  slowly.  Usual  l/0TP  for  noniced  aircraft  will  be 
achieved/reached  after  the  larger  tine  at  larger  takeoff  run  length. 
Since  in  this  case  the  aircraft  nust  continue  takeof f/run-up  for 
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achievement  of  the  velocity,  which  exceeds  for  noniced  aircraft, 
takeoff  run  length  will  increase  still  sore.  After  the  breakaway  of 
aircraft  froe  the  earth/ground  for  it  one  aust  still  overcome 
obstructions  in  approach  area.  Due  to  the  impaired  rate  of  climb  the 
trajectory  of  climb  on  the  iced  over  aircraft  will  be  flat,  and  this 
will  force  pilot  to  increase  angle  of  attack,  which  again  can  lead  to 
the  dangerous  disruption/separation  of  air  flow  from  wing.  It  is 
necessary  to  stress  that  the  premature-  disruption/separation  of  air 
flow  can  be,  also,  after  the  termination  of  takeoff.  Por  example, 
with  turns  in  the  climb  at  low  speed,  with  a  change  in  engine  power 
rating  (piston  and  turboprop),  when  with  the  partial  retraction  of 
gas  is  decreased  the  supplementary  airflow  of  wing  by  air  flow  from 
screws/propellers,  whicn  decreases  lift.  With  accomplishing  by  the 
aircraft  of  turn  (without  reduction/descent)  the  lift,  as  is  known, 
must  be  increased,  this  can  be  achieved/reached  either  by  an  increase 
in  the  velocity  or  by  an  increase  m  the  angle  of  attack,  in  the 
latter  case  appears  anew  the  danger  of  approximation/approach  to  the 
critical  angle  of  attack  which  is  considerably  reduced  in  the  iced 
over  aircraft.  Furthermore,  bank  with  ►urn  leads  to  a  local  increase 
in  the  angle  of  attack  in  the  listing  wing  and  to  the  possibility  of 
the  appearance  of  very  dangerous  one-way  disruption/separation  of  air 


flow 
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Besides  the  danger  of  tad  disruption/separation  of  air  flow, 
serious  value  has  also  reduction/descent  in  the  effectiveness  of  all 
controls  in  the  iced  over  aircraft.  In  particular,  the  icing  of  wing 
in  those  sections  where  are  arranged/located  ailerons,  and  also  icing 
of  ailerons  theaselves  can  cause  sharp  worsening  of  transverse 
controllability  of  aircraft. 

In  chapter  IV  was  examined  that  a  deterioration  in  the  flight 
characteristics  of  the  aircraft  can  occur  with  the  very  saall 
thicknesses  of  ice.  Difficulties  with  takeoff  can  arise  with  the  aost 
insignificant  icing  of  the  wing  surface.  Ice  accumulation  on  the 
surface  of  aircraft  in  large  guantities,  for  exaaple  wet  snow,  can  so 
distort  the  fora  of  the  wing  profile  and  tail  assembly  and  iapair 
aerodynaaic  characteristics,  that  breakaway  of  aircraft  from  the 
earth/ground  will  generally  becoae  impossible.  Supplementary  factor 
here  can  prove  to  be  the  weight  of  the  foraing  ice.  For  exaaple,  if 
ice  with  a  thickness  of  5  aa  covers  surface  with  area  of  100  a2,  then 
its  weight  can  reach  400-450  xg. 

From  that  exaained  it  is  clear,  what  danger  is  takeoff  on  the 
iced  over  aircraft  and  why  it  aust  be  forbidden  even  during  the  very, 
it  would  seea,  insignificant  deposit  of  any  of  the  foras  of  icing  on 
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the  surface  of  aircraft. 

Is  necessary  careful  cleaning  ice,  hoarfrost  or  snow  froa 
aircraft,  especially  wing  and  tail  asseably,  aoreover  observation  of 
surface  condition  of  aircraft  Bust  be  conducted  up  to  taxiing  to 
executive  start.  In  practice  occurred  the  cases  when  the  purified 
surface  of  aircraft  within  short  tine  (10*20  ain)  was  covered/coated 
with  the  layer  of  wet  snow  which  with  an  insignificant  change  in 
teaperature  (upon  transfer  froa  saall  positive  teaperature  to 
negative)  was  converted  into  the  incrustation  of  ice.  It  can  happen, 
that  the  aircraft,  thoroughly  purified  froa  wet  snow,  during  the 
period  of  short-tera  layover  in  station  and  taxiing  to  start  will  be 
covered  with  the  incrustation  of  ice,  but  crew,  without  having 
checked  again  surface  condition  of  aircraft,  will  atteapt  to  coaplete 
takeoff.  It  is  especially  iaportant  to  follow  surface  condition  of 
aircraft  with  takeoff  under  nignttiae  conditions. 

Deicing  of  aircraft  on  the  earth/ground  can  be  conducted  by  both 
the  via  their  preservation  froa  icing  and  by  distance  froa  the 
surface  of  the  aircraft  of  already  foraed  ice. 

The  difficulty  of  developing  the  effective  aethods  is  connected 


with  the  great  variety  of  the  foras  of  ground-based  icing 
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It  is  obvious  that  hangar  storage  of  aircraft  would  sake  it 
possible  to  solve  problea.  however,  this  aethcd  is  too  expensive  and 
barely  suitable  for  that  large  quantity  of  civil/civilian  and 
■ilitary  aircraft,  which  at  present  are  operated. 

To  protect  aircraft  froa  icing  on  the  earth/ground  is  possible 
via  covering.  This  aethod  is  effective  under  use  condition  for  the 
covers  of  the  aaterial,  which  corresponds  to  definite  requireaents 
(watertightness,  ease/lightness,  strength,  air  peraeability, 
frost-resistance,  etc.). 
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A  shortcoaing  in  the  aethod  consists  in  labor  expense  and  coaplexity 
of  the  very  process  of  covering,  especially  for  large  aircraft,  and 
also  in  the  possibility  of  the  icing  of  covers  theaselves.  In 
connection  with  the  fact  that  up  to  now  is  not  developed  the  aaterial 
for  covers,  which  coapleteiy  corresponds  to  requireaents,  the 
use/application  of  this  aethod  in  practice  aakes  it  possible  to  only 
partially  shield  aircraft  froa  ground-based  icing. 

The  large  nuaber  of  works  and  investigations,  which  were  being 
carried  out  on  the  search  of  the  aethods  of  the  preservation  of 
aircraft  froa  icing,  was  devoted  to  the  physicocheaical  aethods  whose 


essence  consists  in  the  creation  of  special  coatings,  which  decrease 
the  cohesive  force  of  ice  with  the  surface  of  aircraft.  However,  as 
showed  experiaent,  all  proposed  coatings  proved  to  be  insufficiently 
effective,  since  the  cohesive  rorce  of  ice,  in  spite  of  its  decrease 
it  retained  still  considerable.  For  exaaple,  the  adhesion  power  of 
ice  to  this  hydrophobe  as  polystyrene,  is  2.2  kgf/cn*  [4],  which 
requires  for  the  removal  or  ice  of  sone  supplementary  aeans. 


Fig.  6.2.  Installation  tor  removing  ice  from  the  tail  assembly  of 
aircraft  "Viscount"  Kith  the  aid  of  the  heated  mixture  of  water  and 
liquid  DS-2a. 
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Sufficiently  wide  application  in  operation  found  at  present  the 
method,  based  on  the  removal  of  ice  formed  on  the  surface  of  aircraft 
of  the  water  and  of  the  liquid  heated  by  mixture,  reducing  the 
freezing  point  of  water,  is  is  Known,  the  distance  of  ice  by  hot 
water  very  effective  method;  however,  its  fundamental  shortcoming  is. 
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the  fact  that  at  temperatures  of  air  of  lower  than  -5°c  (and 
especially  in  the  presence  of  wind)  water  on  the  surface  of  aircraft 
rapidly  freezes,  and  aircraft  anew  proves  to  be  the  covered  layer  of 
ice.  In  this  case  is  possinle  the  incidence/impingement  of  water  and 
its  freezing  in  the  units  of  the  suspension  of  rudders,  ailerons  and 
i. e.  for  eliminating  this  shortcoaing  it  is  necessary  that  after  the 
distance  of  ice  moisture  on  tne  surface  of  aircraft  would  remain  in 
the  liquid  state  prolonged  time  until  aircraft  takes  off  into  air. 
This  is  achieved  by  the  use/application  of  aqueous  solutions  of  the 
liquids,  which  have  low  freezing  point  (ethyl,  isopropyl  alcohol, 
ethylene  glycol,  glycerin),  tne  aqueous  solution  of  this  liquid, 
heated  to  50-60°C,  provides  the  distance  of  ice  and  it  prevents  the 
subsequent  freezing  of  water  on  the  surface  of  aircraft. 

Pig.  164  shows  the  use/application  of  this  method  on  English 
aircraft  "Viscount".  Ice  is  removed  by  heated  mixture  of  water  and 
liquid  DS-2a  whose  percentage  content  is  determined  by  temperature  of 
surrounding  air  (usually  are  applied  50o/o  solution/opening) . 
Analogous  method  is  applied  also  on  the  Soviet  aircraft  where  as 
liquid  with  the  low  freezing  point  are  applied  alcohols  or  ethylene 
glycol. 

Another  method  to  which  recently  began  to  be  given  considerable 
attention,  this  distance  of  ice  with  the  aid  of  the  warm  air. 
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effect,  and  it 


pressure.  This  aetbod  coabines  aechanical  and  theraal 
is,  as  show  experiments,  very  proaising. 
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APPENDIX . 


Table  of  conversion  of  soae  values,  which  are  encountered  in  this 
book,  to  SI  units. 
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Key:  (1).  Designation  of  values.  (2).  Coefficient  for  bringing  to 
unity  of  SI.  (3).  Density.  (4).  1  y/cm3=1*103  kg/a3.  (5).  1 

kg «s2/m 4=9. 80665  kg/m3.  (6).  Pressure.  (7).  1  bar=105  N/m2.  (8).  1 

atm  (tech)  =9. 80665*  10  4  N/a2.  (9).  Dynamic  viscosity.  (10).  1 

kgf «s/a2=9. 80665  N»s/a2.  (11).  Kinematic  viscosity.  (12).  1  St=1*10  4 
m2/s.  (13).  Quantity  of  heat.  (14).  1  kcal  =  4.  1868*103  J/kg.  (15). 

Specific  heat.  (16).  1  *al/y=4. 1868* 103  J/kg.  (17).  Specific  heat. 
(18).  1  kcal/kg*deg.  (19).  cal/y»deg.  (20).  J/kg*deg.  (21).  Heat-flux 
density.  (22).  1  kcal/m2*  =1.1610  H/m2.  (23).  Heat-transfer 

coefficient.  (24).  1  kal/ca2 *s*dey=4. 1868* 104  W/m2»deg.  (25).  Hater 
content  of  clouds.  (26).  Specific  heat  output.  (27).  1  H/cm2=1 *1 04 
W/a2. 
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